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The professional papers contained in The Journal are published prior 
to the meetings at which they are to be presented, in order to afford members 
an opportunity to prepare any discussion which they may wish to present. 


The Society as a body is not responsible for the statements of facts of 
pinio ns advanced in papers or discussions. C55 


~ 


THE JOURNAL 


OF 


THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS 


DECEMBER 1910 NUMBER 12 


COMMITTEE ON MEETINGS OF THE SOCIETY IN 
NEW YORK 


At a meeting of the membership held on October 31, nominations 
were made and approved by the Committee on Meetings for a Com- 
mittee on Meetings of the Society in New York, similar to the com- 
mittees in Boston, St. Louis and San Francisco. The committee 
chosen consists of Prof. Walter Rautenstrauch, Chairman, Frederick 
A. Waldron, Treasurer, Fred. H. Colvin, Edward Van Winkle and 
Roy V. Wright. This is one of the most important developments 
of the year, as it places for the first time in the history of the Society 
all the meetings on the same basis. This committee will also form 
the nucleus of the committee to conduct the social features of 
the Annual Meeting. The duties of the committee in New York 
will not in any way overlap those of the Committee on Meetings of 
the Society, which will have jurisdiction, as formerly, over all the 
meetings in general and of the Annual and Spring meetings in par 
ticular. 
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THE ANNUAL MEETING 


The Thirty-second Annual Meeting of the Society will be held in 
the Engineering Societies Building, 29 West 39th Street, New York, 
December 6-9, 1910. 

A professional program with papers of unusual variety and merit 
has been arranged by the Meetings Committee, Willis E. Hall, Chair- 
man, and provides for five sessions, to occupy the morning and after- 
noon of both Wednesday and Thursday, leaving Friday free for 
excursions or other entertainment. At the Wednesday morning ses- 
sion, following the presentation of reports and other business, there 
will be an account of the Joint Meeting in England by the Secretary ; 
and also a paper on the Transmission of Heat in Surface Condensa- 
tion by George A. Orrok. On Wednesday afternoon a session on 
Steam Engineering will be held; and on Thursday there will be a 
session in the morning on miscellaneous topics, with simultaneous 
meetings in the afternoon, one on machine shop topics, and the other 
that of the Gas Power Section. Luncheon will be served on both 
Wednesday and Thursday to members and guests. 


ENTERTAINMENT 


The entertainment features will be in charge this year of the Com- 
mittee on Meetings of the Society in New York, Walter Rauten- 
strauch, Chairman, Frederick A. Waldron, Treasurer, F. H. Colvin, 
Edward Van Winkle and Roydon V. Wright, assisted by sub-com- 
mittees. A number of excursions have been planned for Friday 
morning and afternoon, including the New York Publie Library, 
not yet open to the general public, Nelson Goodyear, Inc., with an 
exhibit of autogenous welding, Pond Machine Tool Company, 
Thompson-Lovelace Aeroplane Company, Robins Dry Dock, New 
York Telephone Company’s Exchange, and the Navy Yard in 
Brooklyn. There will also be opportunities throughout the con- 
vention to visit the Metropolitan Building, the Hudson and Man- 
hattan Power House, the Interboro Power House, the Hill Publish- 
ing Company, New York Edison Company’s waterside power plant, 
the Franco-American Soup Company, and the Sims Magneto Com- 
pany. 


A Ladies’ Reception Committee, under the chairmanship of Mrs. 
Herbert Gray Torrey, will arrange for the entertainment of the 
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guests of the membership in a manner similar to that of previous 
years. Tea will be served on Tuesday, Wednesday and Thursday 
afternoons in the Ladies’ Headquarters in the rooms of the Society, 
and various trips to points of interest, including shops and hotels, 
will be made under competent guides. 


RECEPTION AND EVENING MEETINGS 


The opening session on Tuesday evening will be the occasion of 
the annual address of the President, and of the report of the Tellers 
of Election of Officers. This will be followed by a reception by the 
President and President-elect in the rooms of the Society. On Wed- 
nesday evening there will be a reunion of the membership atthe 
Hotel Astor, with dancing and refreshments. Boxes will be avail- 
able for those who do not desire to participate in the dancing. 

Mr. and Mrs. Westinghouse will receive the members and guests at 
the Hotel St. Regis from four to six o’clock on Thursday afternoon. 

The lecture on Thursday evening, by Dr. Georg Kerschensteiner 
on Industrial Continuation Schools of Munich, will be one of unusual 
interest because of Dr. Kerschensteiner’s wide reputation as an 
educator and brilliant lecturer and his own interest in the important 
subject of the training of workmen. This lecture, although it 
appears on the program of the Annual Meeting, is one arranged 
through the courtesy of the National Society for the Promotion of 
Industrial Education, the Society, together with the American Insti- 
tute of Electrical Engineers and the American Institute of Mining 
Engineers, having been invited by the National Society for the Pro- 
motion of Industrial Education to act as joint hosts on this occasion. 


HEADQUARTERS 


The headquarters will be established in the foyer on the first floor 
of the Engineering Societies’ Building. Members and guests are 
requested to register immediately upon their arrival and receive a 
badge and program. Railroad certificates should be presented at 
that time for validation. A writing room will be provided on the first 
floor opposite the entrance fully equipped for the use of members. 
There is also a telephone exchange with several booths on the first 
floor adjoining the elevators, providing ample facilities for quick 
service, 
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MEMBERS REGISTER 


Two editions of the printed Members Register will be issued. The 
first will include the names of those registered before 9 p.m. Tuesday, 
and will be distributed at the morning session on Wednesday. The 
second edition will contain the names of those registered before 10 p.m. 


on Wednesday. It will be distributed at the morning session on 
Thursday. 


RAILROAD TRANSPORTATION 


Arrangements for hotel, transportation and Pullman car accom- 
modations should be made personally. 

For members and guests attending the Annual Meeting in New 
York, December 6-9, 1910, the special rate of a fare and three-fifths 
for the round trip, on the certificate plan, is granted when the regular 
fare is 75 cents and upwards, from territory specified below. 


a Buy your ticket at full fare for the going journey, between 
December 2 and 8 inclusive, and get a certificate, not a 
receipt, securing these at least half an hour before the 
departure of the train. 

b Certificates are not kept at all stations. If your station 
agent has not certificates and through tickets, he will 
tell you the nearest station where they can be obtained. 
Buy a local ticket to that point and there get your cer- 
tificate and through ticket. 

c un arrival at the meeting, present your certificate to S. 
Edgar Whitaker, office manager, at the Headquarters. A 
fee of 25 cents will be collected for each certificate vali- 
dated. No certificate can be validated after December 9. 

d An ‘agent ‘of the Trunk ‘Line Association will validate 
certificates, Dec. 7, 8, 9. No refund of fare will be made 
on account of failure to have certificate validated. 

e One-hundred certificates and round trip tickets must be 
presented for validation before the plan is operative. This 
makes it important to show the return portion of your 
round trip ticket at Headquarters. 

f If certificate is validated, a return ticket to destination can 
be purchased, up to Dec. 13, on the same route over which 
the purchaser came, at three-fifths the rate. 
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This special rate is granted only for the following: 
Trunk Line Association: 


All of New York east of a line running from Buffalo to Salamanca, all of 
Pennsylvania east of the Ohio River, all of New Jersey, Delaware and Mary- 
land; also that portion of West Virginia and Virginia north of a line running 
through Huntington, Charleston, White Sulphur Springs, Charlottesville, and 
Washington, D. C. 


New England Passenger Association, except Eastern Steamship 
Co. and Metropolitan Steamship Co. 


Maine, New Hampshire, Vermont, Massachusetts, Rhode Island and Con- 
necticut. 


Central Passenger Association: 


The portion of Illinois south of a line from Chicago through Peoria to Keokuk 
and east of the Mississippi River, the States of Indiana, and Ohio, the portion 
of Pennsylvania and New York north and west of the Ohio River, Salamanca 
and Buffalo, and that portion of Michigan between Lakes Michigan and Huron. 


Eastern Canadian Passenger Association: 


Canadian territory east of and including Port Arthur, Sault Ste. Marie 
Sarnia and Windsor, Ont. 


PRELIMINARY PROGRAM 
TUESDAY, DECEMBER 6 
8.30 p.m. 


Presidential Address, George Westinghouse. 

Report of Tellers of Election of Officers. 

President’s reception in the rooms of the Society. All members 
and guests invited. Cards of admission upon application. 

Music and refreshments, Chas. W. Aiken, Chairman Sub-Com- 
mittee in charge. 


WEDNESDAY, DECEMBER 7 
10 a.m. 


Reports of Council, standing and special committees, and tellers 
of election of membership. New business. 

The Joint Meeting in England: Report by the Secretary. 

The Transmission of Heat in Surface Condensation, George A. 
Orrok. 
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2 p.m. 


Combustion and Boiler Efficiency, Edw. A. Uehling. 

Automatic Control of Condensing Water, B. Viola. 

Test of a 10,000-kw. Steam Turbine, Sam. L. Naphtaly. 

Test of a 9000-kw. Turbo-Generator Set, F. H. Varney. 

Notes on the Value of Napier’s Coefficient with Superheated Steam, 
Isaac Harter, Jr. 


9 p.m. 
Reunion of the membership in Hotel Astor. Dancing and Re- 


freshments. 
Robert 8. Allyn, Chairman Sub-Committee in charge of Reunion. 


THURSDAY, DECEMBER 8 
10 a.m. 
A New Theory of Belt Driving, Selby Haar. 
Stresses in Connecting Rods, W. H. Herschel. 
Operating Conditions of Passenger Elevators, Reginald P. Bolton. 
Modern Shoe Manufacture, M. B. Kaven and J. B. Hadaway. 


SIMULTANEOUS Sessions, 2 p.m. 
MACHINE SHOP 
The Field for Grinding, C. H. Norton. 
Precision Grinding, W. A. Viall. 
Modern Grinding Methods, B. M. W. Hanson. 


Gas Power SEcTION 
Business Meeting. 
First Large Gas Engine Installation in American Steel Works, 
Kk. P. Coleman. 
Other Gas Power papers as assigned. 


Reception to members and guests by Mr. and Mrs. Westinghouse, 
Hotel St. Regis, 4 to 6 p. m. 


8.15 p.m. 


Address: Industrial Continuation Schools of Munich, Dr. Georg 
Kerschensteiner, Superintendent of Schools, Munich, Bavaria. 


FRIDAY, DECEMBER 9 


Excursions to points of engineering interest. 
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COMING MEETINGS 
MEETING IN ST. LOUIS, DEC. 10 


The next monthly meeting of the Society at St. Louis will be held 
on the evening of December 10, the Engineers Club of St. Louis 
cooperating. 


MEETING IN BOSTON, DEC. 16 


At the meeting of the Society in Boston for December a paper will 
be presented by Samuel B. Fowler, Consulting Engineer, Boston, 
on Terminal Facilities for Handling Freight. The Boston Society of 
Civil Engineers and the Boston Section of Institute of Electrical 
cngineers willl coéperate. 


REPORT OF MEETINGS 
MEETING IN NEW YORK, NOVEMBER 9 


The New York monthly meeting for November was held on the 
ninth, the day following the regular time for the meeting, owing to 
Election Day coming on that date. The attendance was 163. 

The first half of the session was devoted to a paper on the Rotary 
Kiln by Ellis Soper, Mem.Am.Soc.M.E., of Detroit, Mich., which 
was read by Prof. R. C. Carpenter of Ithaca, New York, Vice-Presi- 
dent Am.Soc.M.E., in the absence of the author. Following this 
paper was anaddress on the Panama Canal by Charles Whiting Baker, 
Vice-President Am.Soc.M.E., editor of Engineering News. Mr. 
Baker discussed the methods used in carrying on the construction 
work at the canal, illustrating his talk with pictures taken at the 
time of his visit in 1909, when accompanying the engineering com- 
mission appointed by President Roosevelt. Mr. Baker said that the 
Canal is to be regarded as a problem in transportation as, in fact, 
practically everything is a problem of this type. Things are not 
made or manufactured, but one sort of material is merely taken 
from one place and put into another. The digging of the canal is 
easier and simpler than the carrying away to a distance of several 
miles of the material dug out by the great steam shovels, which 
remove 5 cu. yd. at a movement. But even this is cheaper than to 
pile the material on the high banks of the canal. 
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A greater problem, even, than this one of the removal of earth is 
the caring for the big working force of 30,000 laborers and 5000 skilled 
workmen, comprising over a score of different nationalities and all 
social grades. Moreover, everything needed to build the canal,— 
tools, machines, cars, locomotives, lumber,—and to make com- 
fortable the great force of men and their families, had to be brought 
2000 miles. 

The engineers at the Canal had taken up many of their burdens, 
not through choice, but of necessity, for conditions had to be met as 
they arose, and they should rather be honored than criticised for their 
achievements, by none more than by their professional brethren. 


MEETING IN BOSTON, NOVEMBER 10 


The first monthly meeting of the Society in Boston for the present 
season was held on the evening of November 10 in the auditorium 
of the Edison Company, with the Boston Society of Civil Engineers 
and the Boston Section of the American Institute of Electrical Engi- 
neers codperating The attendance was 150. 

After a brief business session, at which a nominating committee 
to select a new Committee on Meetings of the Society in Boston was 
appointed, a topical discussion on Smoke Abatement was opened 
by Dwight T. Randall, Mem.Am.Soc.M.E., who made a statement 
of the case as applied to New England. He was followed by E. G. 
Bailey, Frederick H. Keyes, Charles H. Manning, Henry Bartlett, 
George H. Barrus, John T. Hawkins and C. H. Bigelow. Mr. 
Randall said that ordinances making it unlawful to produce smoke 
are not in themselves effective and that results can be accomplished 
only by recognizing the difficulties and overcoming them along 
engineering lines. Leading up to the all-important question of the 
combustion of bituminous coal, he discussed the relation of volatile 
matter to smoke and the effect upon combustion of ash, moisture and 
the size of the coal. He discussed the design of furnaces for bitumi- 
nous coal, including brick work, baffles, arches, etc., and questions of 
air supply, the prevention of smoke during hand-firing and the use 
of stokers. The mere installation of the latter, he said, will not 
insure smokeless combustion, but the questions of draft and its 
regulation and other engineering conditions must be considered. 
Numerous tests were presented of the performance of boilers with 
different fuels. 
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MEETING IN ST. LOUIS, NOVEMBER 12 


A meeting of the St. Louis members of the Society was held on 
Saturday evening, November 12, at the Mercantile Club. At the 
conclusion of dinner, the meeting was called to order by Wm. H. 
Bryan, Chairman of the Committee on Meetings in St. Louis. On 
motion the present committee, consisting of Wm. H. Bryan, M. L. 
Holman, E. L. Ohle, F. E. Bausch and R. H. Tait, was reélected for 
one year, subject to the approval of the Meetings Committee of the 
Society and of the Engineers’ Club of St. Louis, with whom meetings 
are usually held. The method heretofore followed in the conduct 
of local meetings was approved, and it was voted that for the present 
the meetings continue te be conducted jointly with the Engineers’ 
Club of St. Louis. A general discussion of ocal business followed. 
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MEETING OF THE COUNCIL 


A meeting of the Council was held on the afternoon of Wednesday, 
November 9, 1910, in the rooms of the Society, and was called to 
order at 3.30 p.m. by the President. There were present, George 
Westinghouse, Chas. Wallace Hunt, Fred. W. Taylor, Chas. Whiting 
Baker, George M. Bond, R. C. Carpenter, E. D. Meier, Fred. M. 
Whyte, J. Sellers Bancroft, James Hartness, I. E. Moultrop, H. G. 
Reist, Wm. H. Wiley and the Secretary. Regrets were received from 
W.F. M. Goss, H. L. Gantt, C. E. Billings, Oberlin Smith and Robert 
W. Hunt. 

The minutes for the meeting of October 11 were read and approved. 

The President appointed Chas. Wallace Hunt, Chas. Whiting Baker 
and J. Sellers Bancroft tellers to count the Ballots for Life Member- 
ship of W. F. Mattes of Scranton, Pa., and 8. B. Whiting of Cambridge, 
Mass., under the provisions of C 23 and B 36 of the Constitution and 
By-Laws. The President later announced their unanimous election. 

The Secretary announced the following deaths: Clay Belsley, 
Peoria, Ill., F. B. Hall, New York, Washington Jones, Philadelphia, 
Pa., O.S. Shantz, Buffalo, N. Y., F. M. Wheeler, NewYork, A. Wil- 
kinson, Bridgeport, Pa. 

' Voted: To accept the resignations of John §S. Naylor, Henry 
Brewer, Geo. W. Heald, Jr., Gustav Kaffenberger, Fred Nolde, O. 8. 
Porter, Fred. W. Gordon, George Berna, Jarred E. Jones. 

Announcement was made of the appointment by the President of 
a Public Relations Committee, under the provisions of C 45, consisting 
of James M. Dodge, Chairman, Robert W. Hunt, D.C. Jackson, J. W. 
Lieb, Jr., Fred J. Miller. 

Voted: To accept the reports of the standing committees presented 
by the Secretary and that so much of these reports be printed in the 
next number of The Journal as in the discretion of the Secretary may 
seem proper. 

The Secretary read a letter from the Third Assistant Postmaster 
General granting extension of time. 

Voted: In accordance with the recommendation of the Publi- 
cation Committee to appoint Wm. H. Wiley, Treasurer, and Calvin 
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W. Rice, Secretary, a committee to confer with the Post Office Depart- 
ment in Washington with a view to establishing our claim for second 
class entry of The Journal. 

Voted: To refer to the Publication Committee with the suggestion 
that they again confer with Vice-President Baker and report to the 
Council. 

The Secretary presented communications to the Council in connec- 
tion with the ballots for officers of the Society. 

It was also announced that a committee of members was in the 
reception room and desired to be permitted to present the same matter 
to the Council in person; a statement was made of the action which 
the Secretary had taken and of the authority under which he had 
acted. The following committee of members was then invited to the 
Council room: Messrs. H. F. J. Porter, H. H. Suplee, E. G. Spils- 
bury, Wm. H. Boehm, H. L. Aldrich. Mr. Porter presented a letter 
to the Council. A full discussion followed. 

Voted: To refer the matter to the Executive Committee with the 
request that that Committee take advice of counsel and report at an 
adjourned meeting of the Council. 

Voted: To adjourn subject to call of the Executive Committee. 


SPECIAL MEETING 


An adjourned meeting of the Council was held on the afternoon 
of Wednesday, November 16, 1910, in the rooms of the Society, and 
was called to order at 3.30 p.m. by Vice-President Meier. There 
were present, George M. Bond, Chas. Whiting Baker, James Hart- 
ness, F. R. Hutton, Jno. R. Freeman, E. D. Meier, Jesse M. Smith, 
H. G. Reist, Fred. W. Taylor, Fredk. M. Whyte and the Secretary. 
Regrets were received from I. E. Moultrop and J. Sellers Bancroft. 

The minutes of the meeting for November 9 were read and ap- 
proved. 

Vice-Chairman Chas. W. Baker read the report of the Executive 
Committee on the matter of the Ballot for Officers for the year 1910 
1911. 

Voted: That the report of the Executive Committee be received 
and placed on file. 

The Council then took up seriatim the resolutions embodied in 
this report, with the following action: 

Voted: That after consideration of the communication of Novem- 
ber 7, the Council deems it unwise to interfere with the election now 
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in progress and directs that it proceed in the same manner in which 
it has been conducted in previous years. 
Voted: To adopt the following rule: 


35 The tellers of election in counting the ballots for officers shall con- 
sider the ballot for an officer as valid, provided the intent of the voter as 
to that particular office is clear, even though his ballot as to candidates for 
another office may for any reason be invalid. 


Voted: That the Council approves the form of ballot distributed 
by the members and decides that it is in conformity with the Con- 
stitution and By-Laws of the Society in particular with B 14, B 29 
and B 30. 

Voted: That in view of the opinion of our legal advisor, the bal- 
lots which have been distributed are in accordance with the previous 
precedents of the Society and are deemed to be legal ballots. 

Voted: That what appears to be a discrepancy between the 
Charter of 1907 and the existing By-Laws of the Society in connec- 
tion with the dates of the Annual Meeting of the Society be referred 
to the Committee on Constitution and By-Laws for consideration 
and report previous to the Annual Meeting of 1910. 

Voted: That a summary be made of the action taken by the 
Council on the communications received by it in connection with the 
Ballot for Officers, such summary to be sent to each member who 
makes inquiry concerning the ballot, and also to the Special Nominat- 
ing Committee, and that a summary be included in the account of 
the proceedings of the Council as is regularly published in The 
Journal. 

Voted: On recommendation of the Chairman of the Committee on 
Student Branches, that the formation of such student branch at 
Rensselear Polytechnic Institute be approved. 

Voted: To approve the formation of a student branch at the 
Washington University, St. Louis, Mo. 

Voted: That the Honorary Secretary be requested to make a 
report to the Council of the Joint Meeting of the Society held in 
England during the past summer. 

Voted: To adjourn to Tuesday, December 6, at 2.30 p.m. and 
that 2.30 p.m. be the regular hour for Council meetings until further 
notice. 
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STUDENT BRANCHES 


The following officers have been elected at the Brooklyn Poly- 
technic Institute for the year 1910-1911: Chairman, A. L. Palmer, 
Vice President, Mr. Siebert, Secretary, R. C. Ennis, Treasurer, 
Henry Priester. At the meeting on October 15, Lester G. French, 
Editor of The American Society of Mechanical Engineers, spoke to 
the society on Technical Publications. At the November 5 meet- 
ing Mr. Foster of the New York School of Automobile Engineers 
addressed the members. 

The Purdue University Student Branch was addressed on Novem- 
ber 2 by Prof. H. O. Garman, of the Civil Engineering Department 
of the University, on Railway Signalling Devices; and on Novem- 
ber 16 by E. C. Clarage of the Columbia Tool Steel Company upon 
Tool Steel. 

At the November meeting of the Sibley College Student Branch, 
David S. Wegg, Jr., Jun.Mem.Am.Soc.M.E., was elected corre- 
sponding secretary to succeed Prof. C. F. Hirshfield, resigned. 

On Tuesday, November 1, I. E. Moultrop, Mem.Am.Soc.M..E, 
lectured before the Stevens Engineering Society on The Design and 
Construction of a Central Power Station, giving the latest ideas and 
practice which govern the location and equipment of such a plant, 
illustrated by a number of slides, including a remarkable series of 
photographs of Boston taken from the top of the tall chimney of the 
central station. On November 15, Dr. James P. Haney, lecturer 
and director of art in the high schools of New York City, addressed 
a large audience on the advantages of a knowledge of the principles 
of art in the field of engineeering. 

At the first regular meeting of the University of Cincinnati on Octo- 
ber 21, a talk was given by A. L. DeLeeuw, Mem.Am.Soc.M.E., 
chief engineer of the Cincinnati Milling Machine Company, on 
Milling Cutters. This was illustrated by a large number of lantern 
slides. 
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At the October meeting of the University of Illinois, A. Bement, 
Mem.Am.Soc.M.E., addressed the membership on The Coal Problem. 
At a meeting of the Wisconsin Student Branch held on November 
3, two new students were admitted as members. J. S. Langwill 
presented a paper upon Machines for the Spinning Industry and E. F. 
Week gave a talk upon a Projected Water Power Plant in the West. 
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NECROLOGY 


FREDERICK BELLOWS HALL 


Frederick Bellows Hall, Member of the Society, was born October 
18, 1868, at Boston, Mass. He received his technical education at 
the Massachusetts Institute of Technology and after graduation in 
1890, was employed by the West End, now known as the Boston 
Elevated Street Railway Company, as draftsman on the design of 
their Central Power Station. The following year as chief draftsman 
with F. 8. Pearson, consulting engineer, Boston, he designed various 
power stations, among them the Brooklyn City Railroad Company, 
Brooklyn, N. Y., Montreal Street Railway Company, Montreal and 
Quebec, St. Johns Street Railway Company, St. Johns, N. B., Halifax 
Street Railway and Lighting Company Halifax, N. 8., Chelsea Gas 
Lighting Company, Chelsea, Mass., Charlestown Gas Company, 
Boston, Mass., Lawrence Gas Lighting Company, Brighton, Mass. 
During this time he also acted as superintendent of construction of 
power stations for the Baltimore Electric Refining Company, Balti- 
more, Md., Dover Lighting and Power Company, Dover, N. H., and 
the Portland Street Railway Company, Portland, Me. He was sub- 
sequently employed as assistant chief engineer of the Brooklyn City 
Railroad (Brooklyn Rapid Transit) Company in charge of the design 
and construction of their Kent Avenue, Southern and Ridgewood 
Power Stations; and in 1894 had charge of the design and construction 
of the main power station of the Consolidated Traction Company (now 
the Public Service Corporation of New Jersey), Newark, N. J. In 
1895 he engaged in the design of apparatus for the manufacture of 
sulphuric acid, and in the following year was employed by J. H. 
Bickford as consulting engineer in charge of the design of a power 
station for the Steinway Railway Company. In the same year he be- 
came treasurer and general manager of the North Sydney Mining and 
Transportation Company, Sydney, Cape Breton, N. §., leaving there 
to become chief draftsman for the Riter-Conley Manufacturing 
Company of Pittsburgh in charge of the design of blast furnace and 
steel works for the Dominion Iron and Steel Company of Cape Breton. 
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From 1899 to 1901 he was engaged on the design and construction 
of the main power station of the Manhattan Elevated Railway 
Company, New York City, and at the time of his death, October 27, 
1910, was in the employ of W. E. Baker and Company. 


WASHINGTON JONES 
Washington Jones, who died on July 30, 1910, was born in Phila- 


delphia, February 22, 1822, and became an apprentice at the works 
of Merrick and Agnew at fifteen years of age—the first apprentice- 


‘ship taken in that establishment, it is said. His industry and capacity 


were attested by his advancement to positions of responsibility there 
and in several other engineering works of Philadelphia, such as the 
Southwark Foundry, Merrick and Towne, and the Penn Treaty Works 
of the Neafie and Levy Ship and Engine Building Company. He 
was associated with the Port Richmond Iron Works of the I. P. Morris 
Company as constructing engineer from 1856 to 1891 with a brief 
interruption of a few years at the Southwark Foundry, when he bore 
an important part in the productions of that establishment during 
the Civil War. 

Mr. Jones had been a member of the Society since 1880. He was 
also an honorary member and past president of the Engineers’ Club 
of Philadelphia, a member of the American Society of Civil Engineers 
and the oldest surviving member of the Franklin Institute of which 
he was vice-president at the time of his death. 


STILLMAN W. ROBINSON 


Stillman Williams Robinson, Member of the Society, died October 
31, 1910, at his home in Columbus, O. He was born near South 
Reading, Vt., March 6, 1838, and earned the money to defray the 
expenses of his early education and to prepare himself for college as 
an apprentice to the trade of machinist. In 1860 he entered the 
University of Michigan, making his way to Ann Arbor mostly on 
foot and meeting his expenses on the way by working as a machinist. 
From here he was graduated in 1863 with the degree of C.E., having 
supported himself throughout the college course by skilled instrument 
making, while there inventing a machine for graduating ther- 
mometers, a work in which he was particularly interested. After 
graduation he entered the government service as assistant engineer 
in the United States Lake Survey, remaining until 1866 when he 
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returned to his alma mater as an instructor in engineering. In 1870 
he became professor of mechanical engineering and physics in the 
Illinois Industrial University, now the University of Illinois, estab- 
lishing the first department of mechanical engineering in this country ; 
and in 1878 was made dean of the College of Engineering. In the 
same year he was called to Ohio State University as professor of phy- 
sics and mechanical engineering and occupied that chair until 1895 
when he resigned in order to devote his time to his extensive profes- 
sional interests. 

Professor Robinson was the author of a number of important books 
and papers presented before various societies. He alsosecured about 
forty patents, many of which were fundamental and of great value. 
His inventions were based upon scientific research and mathematical 
investigation and were the results of skillful study. When the Ohio 
gas fields were first discovered, the problem of measuring the volume 
of flow was referred to Professor Robinson and solved by him in his 
brilliant application of the Pitot tube, resulting in methods now in 
universal use. 

His interest in education was always great and led him in 1890 to 
organize an association composed of teachers of mechanical engineer- 
ing which in 1893 developed into the present Society for the Promo- 
tion of Engineering Education. His interest in the University of 
Ohio did not cease with his retirement and he made at various times 
valuable donations to the equipment of its department of mechanical 
engineering, finally establishing the Robinson fellowship in engineer- 
ing as a permanent foundation. 

The following minute was adopted by the faculty of the Ohio State 
University, at its last meeting: 

As aman, Professor Robinson was an indefatigable worker. There 
was no limit to his enthusiasm and ambition in his profession. Per- 
sonally, he was modest and retiring, never claiming credit for himself 
though most generous in according it to his associates. He was 
greatly interested in the work of those around him, impressing his 
own enthusiasm upon the efforts of both colleagues and students, 
encouraging, stimulating and rewarding them. His memory and 
influence will long be felt in the lives of those who follow him and 
who have taken up his work. 
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REPORTS OF STANDING COMMITTEES TO THE 
COUNCIL 


REPORT OF THE FINANCE COMMITTEE 


After one of the most active years in the history of the Society your 
Committee is gratified in being able to present a financial report 
which indicates growth and prosperity financially as well as techni- 
cally. 

Although the current expenses of the Society were larger than in 
any time in its history, yet as will be seen from the appended reports 
the current income has met the expenses in full and has enabled us to 
cancel in this one year all of the extraordinary expenses up to date, 
due to the Joint Meeting with the Institute of Mechanical Engineers 
in England the past summer, and also to add to our surplus account. 
This has been made possible from the fact that our excess of income 
over expenses for the year was $10,649.41. 

It is also interesting to note that at the close of the fiscal year our 
entire surplus represented by property and accounts receivable was 
$6,433.56 greater than September 30, 1909. 

The Committee regret to record that no specific results have been 
attained during the year just closed in the direction of reducing our 
mortgaged indebtedness. The total amount received during the 
past vear to the credit of the land fund was not the equivalent of one- 
fifth of the interest on the mortgage, thereby making it necessary to 
look elsewhere to meet this interest charge. 

It seems to the Committee that there is an urgent necessity for 
a strong effort to be made to reduce this mortgaged indebtedness 
materially each year until it is wiped out, and the interest money 
thereby made available for the extension of our Society work. 

Herewith are given the detailed statements of the finane‘al condi- 
tion of the Society, together with the reports of Peirce, Struss & 
Co. of New York, certified public accountants, who have audited the 
books and accounts, and also a statement of the condition of the 
various trust funds for the fiscal year. 
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PreircE, Struss & Co. 
CERTIFIED PuBLIc ACCOUNTANTS 
37 Wall Street, New York 
October 26, 1910 
Mr. M. Waitt, 

CHAIRMAN FINANCE COMMITTEE 
Dear Sir: 

In accordance with your instructions, we have auditedthe booksand accounts 
of The American Society of Mechanical Engineers for the year ended Septem- 
ber 30, 1910. 

The results of this examination are presented in three exhibits, attached 
hereto, as follows: 

Exhibit A Balance Sheet, September 30, 1910 

Exhibit B Income and Expenses for the year ended September 30, 1910. 

ExhibitC Receipts and Disbursements for year ended September 30, 1910. 

We beg to present, attached hereto, our Certificate to the aforesaid exhibits. 

Respectfully submitted, 
PrerircE, Struss & Co. 
Certified Public Accountants 


PrerrcE, Struss & Co. 
CERTIFIED PuBLIC ACCOUNTANTS 
37 Wall Street, New York 
October 26, 1910 
Mr. Artuur M. Wairt, 

CHAIRMAN FINANCE COMMITTEE 
Dear Sir: 

Having audited the books and accounts of The American Society of Mechani- 
cal Engineers for the year ended September 30, 1910, we hereby certify that 
the accompanying Balance Sheet is a true exhibit of its financial condition 
as of September 30, 1910, and that the attached statements of Income and 
Expenses, and Cash Receipts and Disbursements are correct. 

Perrcr, Struss & Co. 
Certified Public Accountants 


EXHIBIT A 
BALANCE SHEET, SEPTEMBER 30, 1910 
ASSETS 

Equity in Societies Building 

(25 to 33 West 39th Street)..................... $353 346.62 
Equity one-third cost of land 

(25 to 33 West 39th Street)..................... 180 000.00 

$533 346.62 


Furniture and Fixtures.... 


18 000.00 
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New York City 3% Bonds 1954 
Cash in Bank representing Trust Funds.......... 11 356.59 


Stores including plates and finished publications 
Cash in Bank for general purposes................ 3 611.73 
250.00 


Accounts Receivable 
Membership dues............... 9 554.50 
Sale of publications, advertising, ete............ 6 360.04 


Advances account of land subscription fund 
Advanced payments 


Total Assets........ 


LIABILITIES 


United Engineering Society (for cost of land)..... 
Funds 
Life Membership Fund..................... $35 151.07 


4 902.71 


Library Development Fund.. 

Land Fund Subscriptions.................. 223.88 

Subscriptions to Annual Meeting........... 46.93 
Current Accounts Payable....................... 
Membership dues paid in advance................ 804.25 
Initiation fees paid in advance................... 75.00 


Initiation fees uncollected....................... 
Appropriation available to complete Vol. 31 of 

Surplus in property and accounts receivable. .... 


42 281.59 
11 623.03 


3 861.73 


16 454.54 
9 955.22 


1829.65 


$637 352.38 


$81 000.00 


42 251.59 
2 652.33 


879.25 


540.00 


4 200.00 
27 926.97 
77 


9 
477 872.24 


$637 352.38 
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EXHIBIT B 
INCOME AND EXPENSES FOR THE YEAR ENDED SEPTEMBER 30, 1910 
INCOME 
Sales groes receipts ......... 9 210.25 
Advertising receipts... .. 24 230.26 
Interest and Discount............. 1 684.01 
$92 676.31 
EXPENSES 
Finance Committee Office Administration includ- 
$20 205.68 
Finance, United Engineering Society 
Finance, Miscellaneous............... 634.36 
$25 340..04 
Membership 2 350.49 
Increase of Membership Committee.............. 2.70 
Meetings Committee 
Annual Meeting.................. 2 394.40 
Spring Meeting................... 2 028.72 
Monthly Meetings................ 3 416.92 
London Meeting.................. 2 270.23 
110.77 
Publication Committee 
Advertising Section The Journal. 11 791.32 
Journal, except Advertising...... 18 527.88 
Transactions Volume 31.......... 2 801.79 
—— $36 001.68 as 
$77 385.80 
Research Committee.................... 100.76 
Thurston Memorial Committee.......... 139 .06 
4 401.28 
*Excess of Income over Expenses........ 10 649.41 
$92 676.31 
§$From Current Income.. $1,089.16 


— 
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*Of this amount $4,200.00 is reserved to complete Volume 31 of Transactions. :; 
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EXHIBIT C 


REcEIPTS AND DisBURSEMENTS FOR YEAR ENDED SEPTEMBER 30, 1910 


RECEIPTS 

Membership dues and initiation fees paid in 

Sales of publications, badges, advertising, etc.... 31 733.56 
Subscriptions to Land Fund...................... 616.00 
Subscriptions to Expense of Annual Meeting..... 360.20 


$92 059.24 
Cash in Banks and on hand, September 30, 1909.. 20 613.22 
DISBURSEMENTS 


Disbursements for general purpose............... 94 214.14 
Interest on Mortgage on Land.................... 3 240.00 


97 454.14 
Cash in Banks and on hand, September 30, 1910 15 218.32 


LAND FUND 


RECEIPTS 
Amvamoes from Bociety....... 9 955.22 

$145 191.54 

DISBURSEMENTS 

7 971.11 
Furnishings and equipment...................... 7 671.81 
Occupancy building, moving library.............. 2 171.06 


145 191.54 


$112 672.46 


$112 672.46 


$223.88 
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223.88 

90 955.22 
Amount of mortgage................... “s 81 000.00 


90 955.22 
LIFE MEMBERSHIP FUND 


Number of Life Members......................... 90 
Number of Life Associates....................... 6 
Number of Life Juniors.......................2-: 1 

97 


97 Members at $15 = $1455 
4 per cent interest on $35,151.07 and credited to 


unappropriated $1 406.04 


LIBRARY DEVELOPMENT FUND 


WEEKS LEGACY 


THURSTON MEMORIAL FUND 


Current Income 139.06 
963.85 

Expenditures 
850.00 
30.00 
51.85 
963.85 


ANNUAL MEETING SUBSCRIPTION 


Balance in the hands of the Local Committee and 
held by the Society in trust.................. 


35 151.07 


1 957.00 


46.93 


$42 281.59 
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The Committee also submits herewith as called for by the By-Laws 
a detailed estimate of the probable income and expenditure of the 


Society for the ensuing fiscal year: 


ESTIMATE OF INCOME 1910-11 


Interest and discount... 475 

$88,500 


ESTIMATE OF EXPENSES 1910-11 


FROM 
CURRENT FROM 
INCOME RESERVE 
Increase Membership Committee......................... 500 
$86,490 $1900 
Respectfully submitted, 
Artuur M. Wairt, Chairman ) 
R. M. Drxon Finance 
E. F. Scanuck 
Committee 


W. M. MarsHALL 
G. W. Rosperts 


REPORT OF THE HOUSE COMMITTEE 


Your Committee during the year has completed the work embodied 
in the decorative scheme outlined in its last report. This included 
the tinting of the walls and the furnishing of new carpets, new 


* Advanced on account meeting in England to be patd out of current income. 
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draperies and new furniture in the entrance hall, Council room 
and library. It is felt that these rooms now present an attractive, 
quiet and dignified appearance appropriate to the home of the Society. 

Your Committee also acquired a uniform series of photographs 
of all the Past-Presidents, which are now hung upon the walls of the 
library. 

Your Committee has in mind the extension of its original program 
with a view to unifying the plan of decoration in such of the rooms 
as are open to the general public, and hopes to carry out these plans 
during the coming year. 

Your committee further proposes to secure photographs of the 
Honorary Members, to be framed in conformity with the photo- 
graphs of the Past-Presidents already hung upon the walls. 


Respectfully submitted, 


C. Dickerman, Chairman | 


BERNARD V. SWENSON House 
FRANCIS BLOSSOM Commit- 
Epwarp Van WINKLE | tee 
H. R. J 


REPORT OF THE LIBRARY COMMITTEE 


No radical changes have been effected in the library organization 
during the past administration year. 

The libraries of the three founder societies are being operated in 
parallel, the actual library work being handled jointly by the library 
staff and the administration of the libraries being conducted under 
an informal Library Conference Committee consisting of the chair- 
man of the library committees of the founder societies. 

It is expected that more intimate relationships between the libraries 
will be established in the near future. 

It is also expected that the United Engineering Societies’ library 
will be organized and that gifts of libraries and books may be received 
by it where they are not made a specific donation to the library of one 
of the founder societies. 

The number of visitors accommodated at the library shows a con- 
tinued increase as indicated by the following tabulations: 
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Day Night Total 
1765 261 2026 
1908 1909 1910 
Day Night Day Night Day Night 
541 148 485 250 460 286 
439 241 533 254 416 232 
417 203 535 280 439 256 
403 210 529 217 488 274 
400 196 462 221 454 279 
419 136 484 198 471 239 
441 closed 472 closed 609 closed 
393 125 434 220 596 261 
381 180 471 238 
435 200 479 223 
December.... 520 441 545 301 
5151 2080 5901 2402 4493 1827 
Membership cards received 
American Institution Electrical Engineers........................ 10 
American Society Mechanical Engineers.......................... 8 
American Institution Mechanical Engineers...................... 20 
46 


As an indication of the range of subjects called for by visitors to 
the library and the relative frequency of consultation, the follow- 
ing table may be of interest, covering the months of April-Septem- 


ber 1910. 


Architecture 
Bibliography 
Biography.... 
Chemical Technology 


Civil Engineering...... 
Description and Travel... 
Electrical Engineering. . . 


April May June July Aug. Sept. 


1 


Ne — 


bo bo 


1 1 
2 

1 1 
3 1 
2 2 
2 5 
20 14 


28 
4 
5 
1 
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April May June July Aug. Sept. 


Engineering(General)................... 5 6 14 5 610 10 
Hydraulic Engineering.................. 2 3 4 2 10 


Marine Engineering..................... 
Mechanical Engineering................. 


27 
14 4 11 13 4 1 
Mining Engineering..................... 16 11 20 9 9 6 
Railroad Engineering................... 5 1 5 
Railroad Engineering (Electrical)..... 1 7 


196 125 216 105 137) 215 


It has been felt that the appropriation available for the purchase 
of new books is inadequate to keep the library supplied with the 
latest books of reference. 

The amount expended for books and periodicals in 1908 was 
$527.76. An approximately similar amount will be expended during 
the current year and your Committee in presenting its request for 
the appropriations for next year has submitted a request that the 
appropriation under this head be increased to $1500. 

Your Committee has in preparation a book plate for the Society's 
library which wil be submitted for the approval of Council of the 
Society at an early date. 

Respectfully submitted, 
J. W. Lies, Jr., Chairman 
AMBROSE SWASEY 
LEONARD WALDO 
Cras. L. CLARKE 
ALFRED NOBLE 


Library Com- 
mittee 


REPORT OF THE COMMITTEE ON MEETINGS 


In addition to the Annual and Spring Meetings of the Society, 
18 additional meetings have been held. Of this number six were 
held in each of the cities of New York, Boston and St. Louis. Dur- 
ing 1910 and 1911 meetings will also be held in San Francisco. Ata 
number of these meetings sister societies and local engineering organi- 
zations coéperated, but the number of meetings given does not in- 
clude those of other societies in which we coéperated. 


me 
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It is the policy of your committee to meet weekly, excepting during 
the summer months, and including special meetings the Committee 
has practically carried out this policy during the period mentioned. 

Fifty-four papers and three topical discussions have been accepted 
and published in The Journal, all of which have been or will come 
before meetings of the Society. These include eight papers presented 
at the meetings held at Birmingham and London. 

Several cities other than New York, Boston, St. Louis and San 
Francisco are contemplating holding meetings, but they have not as 
yet reached a definite conclusion. 

It has been suggested that appropriations be assigned for meet- 
ings, based on the number of members accessible to a locality. For 
the present, however, your Committee believes that the Society 
should do all possible to assist the membership in different localities 
in which these meetings are being held, to the limit of the available 
funds. 

Your Committee finds that the local conditions vary at the dif- 
ferent points and therefore repeats the suggestion contained in its 
report to the Executive Committee of May 31, 1910, that after more 
extensive experience of all the local committees on meetings has been 
obtained, they, in coéperation with the Committee on Meetings, for- 
mulate such rules as may be found necessary to establish uniformity 
in the conduct of all local meetings, the same to be subject to the 
approval of the Council. 

A meeting of the local members at New York was held October 31, 
1910, for the recommendation of names for a local committee, that 
New York City may be organized on the same basis as all other 
localities. It is intended that this committee, by the selection 
of some 20 assistants, shall also act as the entertainment committee 
for the Annual Meeting. 

Your Committee has felt for some time that the papers presented 
before the Society have not been sufficiently diversified. It believes 
that it has overcome this to some extent, but with the further 
object of making the Transactions of the Society a more complete 
record of mechanical engineering progress, a circular has been mailed 
to the membership calling their attention to this point, which it is 
believed will result in materially increasing the value of the Trans- 
actions of the Society as a record of engineering progress. The 
attention given the circular so far is most gratifying and the member- 
ship is to be congratulated upon the interest it has inspired. 

The rapid growth of industrial establishments has developed a 
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phase of mechanical engineering—that of economic administra- 
tion—which your Committee feels should be given the attention 
by the Society that its importance warrants. This branch of the 
profession has evolved the administrative engineer until a very large 
percentage of the profession and of our membership is now occupying 
administrative positions in industrial establishments. Your Com- 
mittee has had this question under attention for some time, but until 
recently it did not feel that the opportune time for definite action 
had arrived. 

At its meeting, October 7, 1910, it requested the endorsement by 
the Council of the appointment of a sub-committee on the Economic 
Administration of Industrial Establishments. The committee is glad 
to have the Council’s approval of its request and believes the field 
covered by this sub-committee can be made one of the greatest 
factors in our economic welfare. 

Permit the Committee again to call the Council’s attention tothe 
recommendation that it feels the best interests of the Society would 
be subserved by a closer working arrangement between the Research 
Committee and the Committee on Meetings. 

The Committee begs to thank the officers of the Society and the 
members of the office staff for the codperation and assistance it has 
rece.ved. 

Respectfully submitted, 
Wiuus E. Chairman 
Wo. H. Bryan 
L. R. Pomeroy 
Cuas. E. Lucke 
H. pEB. Parsons 


Mee ings 
Committee 


REPORT OF THE MEMBERSHIP COMMITTEE 


During the current year the Membership Committee has held six 
meetings, at which the total of 337 applications for membership have 
been considered with the following results: 


Recommended for 306 


Of the 306 names recommended for ballot 276 were candidates 
for new membership and 30 were candidates for promotion. The 
candidates recommended were voted for on two ballots submitted to 
the membership as follows: 
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The small number of names deferred and the fact that no objec- 
tions have been received to the names placed upon the professional 
service sheets testifies to the increasing care taken by the members 
in filling out the application blanks, and to the careful manner in 
which all cases are studied in the Secretary’s office before being sub- 
mitted to the committee. The Committee, however, would empha- 
size again that its work will be greatly facilitated and the standards 
of the Society safeguarded if members will agree to act as proposers 
and seconders of an applicant only when they can support the latter 
through personal knowledge of his work. 

The Committee desires to report that the new rules regarding the 
Junior and the Associate membership grades put into effect at the 
spring meeting, have operated upon the whole in a very satisfactory 
manner, and in the judgment of the committee have placed the classes 
of membership upon a basis that makes for the best interests of the 
Society. 

The Committee would recommend that it be given authority to 
prepare a list of approved engineering schools that will be used to 
interpret the phrase ‘engineering schools’ in clause C-11 of the 
Constitution relating to the admission of Junior members. 

Respectfully submitted, 
C. R. Ricuarps, Chairman | 
GEORGE J. FORAN | 
THEODORE STEBBINS 
Committee 
Francis H. | 


Hosea WEBSTER J 


REPORT OF PUBLICATION COMMITTEE 


The Committee has had to meet the constantly growing number 
and length of papers presented to the Society by the members of its 
annual, monthly and local meetings by a very careful elimination 
or condensation of everything which might be termed extraneous or 
superfluous in order to keep within the confines of a single volume 
of the Transactions. 

Volume 31, just issued for 1909, contains 1069 pages and the current 
Volume 32 embracing, in addition to the Society papers, the papers 
presented at the English meeting will contain between 1500 and 
2000 pages. This would be considered the outside limit of size. 
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The largest volume heretofore printed was No. 24 for 1903 which 
contained 1563 pages and was thought unwieldy, and yet if the 
growth of our available matter continues at anything like its present 
rate, we will be confronted with the necessity of binding Transactions 
in volumes of about this size. An alternative would be the omission 
of the printing of the Transactions altogether as such, thereby avoid- 
ing the duplication of 75 per cent of the reading matter of The Journal. 

This would be done by printing in The Journal previous to meet- 
ings a list only of the papers which will be read at the meeting, re- 
questing members who desire to discuss any particular paper to send 
for a copy of it. After the meeting, The Journal would publish all 
papers with all discussions and at the end of the year would supply 
binders in which all copies of The Journal may be bound. This 
volume would continue the present series of Transactions. By 
this means the papers would be printed once only instead of twice 
and the annual saving to the Society would be approximately $5000, 
which could be applied to making the Library more accessible to 
members. 

Previous to this year, The Journal has been published monthly, 
except in July and August when there were no issues, and in October 
and November to accommodate the additional amount of matter 
necessitated by the Annual Meeting it has appeared semi-monthly. 
This year however, the arrangement has been changed so as to have 
it appear monthly throughout the year. 

The gross and net cost of issuing the Society publications is given 
in the following tables for each of the past five fiscal years ending 
September 30. 

EXPENDITURES 


1906-1907 1907-1908 1908-1909 1909-1910 1910-1911 


Revised papers........... 182.56 523.93 131.96 300 
Year Book and Pocket 

... 2 232.35 2622.57 3000.89 2748.73 3200 
Transactions.......... .. § 400.20 6100.00 6533.87 7001.79* 8600 


Tee ... 1l 487.98 8425.58 20160.86 30319.20 25800 


22 120.53 17425.77 30263.20 40201. 687 37900 


INCOME 


\dvertising....... 11997 .50 24227 .26 25500 


Appropriations 22 120.53 17425.77 18265.70 15974.42 12400 


* Approximate. 


t Estimated. 
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It will be seen that the net cost to the Society is gradually being 
lessened; the slight increase for 1908-1909 being due to the change in 
the issue of both the Year Book and the Pocket List to a combina- 
tion of the two in one. 

There has never been a complete cross-reference index of the 
Transaction, and there has been for a long time a crying need for 
one. Recently the Library Committee has had in mind the indexing 
of the Transactions of all the Societies and it will be necessary to 
carry out a complete indexing of our Transactions in this connection. 
The Committee is now in conference with the Library Committee on 
the best method of coéperation in this work. 

Respectfully submitted, 
D. 8. Jacosus, Chairman 
H. F. J. Porter 
Frep R. Low 
Gero. I. Rockwoop 
Gro. M. Basrorp 


Publication 
Committee 


REPORT OF THE RESEARCH COMMITTEE 


The last formal meeting of the Research Committee was held 
December 10, 1909. At that meeting it was agreed that it would be 
unwise for the Committee to enter at once upon the investigation of 
problems of research. It was agreed that as a preliminary to actual 
work there should be on file in the office of the Secretary, a complete 
list of the college, commercial and other laboratories of the country, 
the organization of which might permit them to do work in line with 
the purposes of our Society. In addition to the name and the loca- 
tion of the laboratory, it was proposed to have the name and address 
of its director and a statement concerning the extent of its staff and 
equipment, also a list of the subjects which have been investigated 
and a reference as to where the reports thereof may be fo nd, a 
statement of the problems now under investigation, and a statement 
of the field of engineering for which the laboratories are especially 
equipped. The circulars which have been sent out have been worded 
so-as to make it clear that the Committee does not wish to intrude 
itself upon the activities of any laboratory, but that the inquiry 
grows out of a desire on the part of the representatives of a national 
organization to know how thoroughly the field is now covered. 
The responsibility for sending out these circulars and for tabulating 
the information obtained was left with the Secretary of the Society. 
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It is the understanding of your Committee that the work of gather- 
ing this information is now practically complete, and that there is on 
record in the Secretary’s office all information along this line. 

It was also agreed that the Committee might properly undertake a 
research concerning the performance of safety valves, and a circular 
has been issued designed to develop the most important facts which 
should be determined concerning the action of such valves. These 
were sent to 68 safety valve manufacturers, to 125 railroads of 100 
miles or over, and to three large boiler manufacturers. Forty-one 
replies have been received. Eighteen have no information regarding 
Pop Safety Valves. Nine of the replies are of especial interest and 
have been abstracted as follows: 


The Consolidated Safety Valve Company refers to Mr. Philip Darling’s paper 
before the Society in 1909 and to experiments of Professor Miller of the Massa- 
chusetts Institute of Technology. They favor a high lift for steam passage. 
As to the rating of the various sizes they favor the continuation and duplica- 
tion of the Darling and Miller tests. Nickel bronze is favored for valve seats 
and copper bronze with 10 per cent tin for valves. To maintain efficiency 
they favor keeping the exhaust steam away from the spring, and exposure to 
air currents for cooling. They consider the aperture has little effect on the 
capacity but is an important element of the lift. They suggest experiments 
to develop the effect of temperature and of steady loads and rapidly varying 
loads, on springs, also a study of the various rules governing sizes and design 
of various supervising authorities with the aim to develop a safe and uniform 
rule, applicable to all sizes. They suggest that many common faults of safety 
valves be made the subject of reports in boiler inspection service. Railroads 
which have a system of report covering engine failures might also outline the 
most common troubles with safety valves. 

The Ashton Valve Company refers to the tests of Professor Miller, of the 
Massachusetts Instituteof Technology. They favor the low lift from a practical 
standpoint with 30 yearsexperience. They suggest tests determining a proper 
rating of safety-valve boiler based on the capacity of relief that the valve 
should give. They favor high grade composition of bronze metal made of 
copper and tin about 8 to 1. Regarding efficiency they make outside spring 
valve with spring free from steam exposure for use where steam temperature 
is over 400 deg. fahr. As to aperture bevel seat valves 45 deg. angle give best 
results. Regarding additional facts they express the opinion that it will be 
difficult to establish a rule adaptable to both stationary and locomotive boilers 
and they discuss this point at length. 

Crane Company know of no reliable data regarding discharge but refer to 
A. J. Hewling’s discussion, in The Journal, June 1909. They are willing to 
submit valves and take part in public tests in order that reliable data may 
be had. They favor high grade composition of valve and valve seats and 
state that they have no experience of springs losing temper. Facts about 
the effect of the shape of the apertures have led them to adapt a cushion 
dise and spring which allows the highest lift practicable. As to tests they 
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suggest that the committee provide accommodations where safety valves 
may be tested under the same conditions and under most careful observation. 

The Lunkenheimer Company do not know of any accurate data other than man- 
ufacturers tests. They favora lift of # in. to & in. They suggest time tests 
to determine the efficiency and lift of valves with various lifts under a wide 
range of actual service conditions and pressures. They favor nickel bronze 
composition, high percentage of nickel for the seat and a high grade steam metal 
for the disc. The outside spring type of valve is used to avoid undue heat 
and to maintain the efficiency. As to the shape of the aperture, they suggest 
six points to beconsidered. Forresearch they suggest the evolution of asimple 
and practical rule for determining sizes based on a moderate constant lift. 

Crosby Steam Gage and Valve Company have submitted a reply of some thirty 
pages accompanied by illustrations and catalogues. For data they refer to 
the Annual Report of the U. 8. Steamboat Inspectors, 1877, thesis of Bardsley 
and Miller, Case School of Applied Science, 1906, data of tests referred to in 
Steam Boilers by Professor Peabody, p. 240, and tests now being made at 
Massachusetts Institute of Technology, 1910. Regarding the lift in safety 
valves they cite the experience of manufacturers’ measurements at factories 
and in actual service, measurements made at the Massachusetts Institute of 
Technology, 1909. They suggest fixing standard or limits of lift, to insure 
durability to valves; measuring discharge of various designs of valves at same 
fixed lifts, reporting minimum lift and discharge which have been in past 
ample, and refining characteristics of operation most desirable in safety valves. 
They favor bronze composition, high percentage of tin, low in zine and lead. 
Nickel composition not to be endorsed. Exposing springs outside of valve 
body involves friction; encasing spring in inner chamber involves sticking; 
long spindles, large valve casings, well drained spring chambers essential with- 
out sliding contacts. Regarding open shape of aperture, see tests of Massa- 
chusetts Institute of Technology in Steam Boilers by Professor Peabody; also 
tests in progress at Massachusetts Institute of Technology; also Kent’s Pocket- 
book, p.724. For research they suggest verbalexplanation in detail of essential 
characteristics of design of each valve as made; of the general principles in- 
volved, and defense of engineering reasons, advantages and objections govern- 
ing each detail; in other words, the engineering ‘‘confession of faith’’ of each 
manufacturer and his own exegesis of each article of it. 

Rock Island Lines: W. A. Nettleton knows of no boiler being blown up be- 
cause the safety valve fails to properly relieve. Statistics of Mr. Curtis of 
the Master Mechanics Association Committee indicate very few boilers explede 
from over pressure, the majority explode from low water, due generally to 
carelessness. This applies to locomotive service in which the boiler is very 
closely watched. As to the durability, a number of small valves are preferable 
to avery large one. He is skeptical regarding the tendency towards a higher 
lift. He has had no experience as to temper of the spring and steam. He 
assumes spring losses of elasticity because of repeated strains. 

Canadian Pacific Railway Company: Mr. Vaughan, Vice-President, con- 
siders it desirable to investigate for flat seats and V-shaped seats. The amount 
of steam flowing per hour with different heights of lift, the height to which 
valves now in use lift with given increments of pressure, the effect of various 
forms of coupling devices based on the pressure between the seat of the valve 
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and the muffler, so as to attain data on which to base a specification providing 
that a given diameter should have a lift of not less than a certain amount to 
the given increment of pressure between the seat, that there should be not more 
than a certain amount of pressure between seat and muffler device, that the 
area through the muffling device should have a certain proportion to the area 
of the valve. 

Stirling Boiler Company: Mr. Fred Scheffler refers to the formula on p. 9, 
1910 catalogue of consolidated safety valve, with 45 degrees beveled seat and 
actual evaporation tests. Also states that complete data can be obtained from 
Consolidated Safety Valve Company and the Naval Experimental Station, 
Annapolis, Md. He favors composition seats with twenty-five per cent metal. 
Regarding deterioration, he states that a well-designed spring should not lose 
temper under saturated steam, and that an exposed spring should be used under 
superheated steam. Very complete information has been published by the 
Consolidated Safety Valve Company in their book entitled Safety Valve 
Capacity. 

Heine Safety Boiler Company: Col. E. D. Meier writes that experimental 
data are mainly in the possession of various firms and companies which manu- 
facture high class valves, and cites the Consolidated Company, the Ashcroft 
Company and the Ashton Company, who have recently installed a boiler 
suitable for 400 lb. pressure for continuing such experiments. He states that 
the rules promulgated by various officials and societies seem to be based on 
experiments made at lower pressure than current practice. These rules may 
be deficient because action of metals under higher stresses and higher tempera- 
ture will be different than in the early experiments. Mr. Geo. H. Musgrave 
has had some experience as a pioneer and is an enthusiast on the subject. There 
is great need of experimental work and the only safe way for a scientific settle- 
ment of these questions would be tests on entirely neutral grounds, i.e., in the 
laboratory of some well equipped mechanical engineering school of high repute. 
His company has to conform to three different rules: the regulations of the 
Board of Supervising Inspectors of Steam Vessels; the Philadelphia Boiler 
Law; the Boiler Rules of Massachusetts. They give different dimensions so 
designers are guided by the locality where the boiler is to be operated. An 
important question is the limit in size, that is, when it becomes necessary to 
put two or even three safety valves on a boiler in place of one. The amount 
of lift has a bearing on this. 

It may be deduced from the above correspondence that what is 
needed in determining a method of rating valves is not so much 
research as it is standardization of practice, defined by recommenda- 
tions having the weight of the Society behind them. For example, 
the testimony seems to show that valves having low lift and high 
lift are operative, and that advocates of both are to be found among 

people well qualified to pass opinions on the operation of valves in 
service. It may be that lift is a factor which, while hitherto regarded 
as of importance, may be neglected, and that its effect will be entirely 
absorbed in any arrangement which will secure a rating of valves in 
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accordance with their discharge capacity. This and other general 
questions which have been developed by its inquiry will be considered 
at a formal meeting of the Committee to be held at the time of the 
next annual meeting of the Society, at which time it should be possible 
to take the next step in the development of the Committee’s work. 
Respectfully submitted, 

W. F. M. Goss, Chairman 

R. C. CARPENTER 

R. H. Rice 

D. MrErRsHON 

Jas. CHRISTIE J 
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MODERN SHOE MANUFACTURE 


By M. B. Kaven, Brevertuy, Mass. 


Member of the Society 


J. B. Hapaway', Beverty, Mass. 


Non-Member 


Some of the earliest forms of foot-wear of which we have any defi- 
nite knowledge had soles made of various materials, such as wood, 
fibre and leather, fastened to the feet by thongs or straps. Other 
forms consisted of mere blocks of wood with holes in which to incase 
the feet. 

2 A somewhat improved form of foot-wear was made by nailing 
leather uppers to wooden soles and such shoes were often shod with 
iron to protect them from wear. 

3 A greater amount of ingenuity and skill was shown in making 
shoes from pieces of leather, cut to predetermined shapes and sizes, 
which were sewed together by hand. This latter method probably 
led to the invention of the shoe last, which is a wooden block conform- 
ing to the desired shape of the shoe, and over which the uppers are 
molded or lasted during the process of manufacture. 

4 The most perfect shoe devised by artisans of this ancient craft, 
previous to the introduction of shoe machinery, is undoubtedly that 
known to a few of this generation and to many of the past generation 
as a hand-sewed shoe. 

5 The method of making this shoe consists in first cutting and 
then sewing together the different parts of the upper; next, shaping 
the insole to the required form and cutting in its under surface near 
the edge a shoulder and channel to form a rib to which the upper 
is sewed. The insole (see Fig. 1) is then secured to the bottom of the 
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last, the upper being drawn over the last and edge of the insole and 
temporarily secured to the insole with lasting tacks. With a sharp 
curved awl the workman makes a hole at the breast of the heel-seat 
through the rib of the insole and upper and the edge of a narrow strip 
of flexible leather called a welt, which is sewed to the outside of the 
upper along the edge of the last to which the outsole is later secured 
(see Fig. 2). 

6 One end of a waxed thread about 5 ft. in length is inserted in 
the hole made with the awl and drawn through a distance equal to 
one-half the length of the thread. Another hole is then made through 
the materials at a distance of about 3 in. in advance of the first hole, 
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and the two ends of the thread are inserted in this second hole from 
opposite sides and drawn through tight, thereby uniting the welt, 
upper and insole at that point, and forming the first stitch of the in- 
seam. These operations are repeated until the seam has been sewed 
completely around the forepart of the shoe, terminating at the breast 
of the heel upon the opposite side. The lasting tacks are withdrawn, 
the surplus leather below the inseam trimmed off, and the welt beat 
out flat. 

7 The outsole is then cut to the required size and temporarily 
secured to the bottom of the last, after which it is sewed to the welt, 
the seam being placed a short distance in from the edge and follow- 
ing the contour of the sole. The stitches of this seam are made much 
shorter than those of the inseam and for that reason the operation is 
necessarily slow and requires great skill. 

8 The heel is built upon the heel seat of the shoe by nailing to it 
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layers of leather until the proper height has been obtained after which 
it is trimmed to the required shape. 

9 As the principal operations in the process of making a hand- 
sewed shoe have been described, the subsequent finishing operations 
will not be explained. 

10 Fifty years ago the size of the average shoe shop would not 
have measured more than 12 by 15 ft., nor would the average number 
of men employed in each shop have exceeded three persons. Each 
workman was taught the whole trade and was often required ‘to select 
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and cut his own stock and make a complete shoe. The toolsemployed 
were all hand implements, even the grindstone used to sharpen the 
cutting tools being turned by hand. 

11 About this period men with inventive minds began to devise 
means for performing with machinery many of the operations in the 
making of shoes which were being done by hand, and their efforts 
were attended with marked success. The most important machine 
developed during that period was undoubtedly the McKay sewing 
machine, which united the outsole to the insole by a chain-stitch seam 
passing through these two soles and leaving a portion of the seam ex- 
posed upon the inside of the shoe (Fig. 3). It was therefore necessary 
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to insert in the shoe a secondary insole or sock-lining to prevent the 
seam from hurting the feet. 

12 Other machines built for fastening soles to shoes perhaps re- 
quired as great mechanical ability to perfect but were of less impor- 
tance commercially. Among them was the pegging machine which 
automatically cut pegs from a strip of wood and drove them through 
the outsole into the insole, thereby fastening the sole. The ends of 
the pegs projected through the insole and made it necessary to cut 
them off before the shoes could be worn. 

13. The screw machine was also used to some extent. It screwed 
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a portion of a threaded wire through the outsole into the insole and 
then severed the wire at the tread surface of the sole, thus automatic- 
ally cutting the wire screw the exact length of the thickness of the 
substance it penetrated. 

14 The loose-nailing machine drove nails by a hammer blow 
through the outsole and insole and clinched them upon the inside of 
the shoe by driving the ends against an anvil set in the end of a horn 
shaped to enter the shoe. 

15 In order to use these different machines it was necessary first 
to last the shoe, tack on the outsole and then withdraw the last in 
order to permit the horn to be inserted during the sole-fastening oper- 
ation. The greatest defect in shoes made by the aid of these machines 
was that the different fastening materials penetrated the tread sur- 
face of the insoles and often roughened them to such an extent as 
to cause discomfort to the wearer. 

16 Machines were invented for performing many operations pre- 
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viously done by hand but the paramount object was to produce 
machinery for making shoes by the hand-sewed method, since such 
shoes when finished contain insoles which are perfectly smooth upon 
the inside of the shoe, and since they are more flexible than those 
made on the machines previously mentioned. 

17 Inventors spent much time and money in attempting to per- 
fect machinery for making shoes by this method, a result finally 
achieved through the efforts of Mr. Charles Goodyear. About 
twenty years ago the Goodyear Shoe Machinery Company placed 
upon the market a practical inseam sewing machine an and outsole 
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stitcher. Since that time these two machines have been greatly 
improved upon and hundreds of them are now in daily use in many 
parts of the world. 

18 The introduction of machinery for making Goodyear welt 
shoes (Fig. 4) revolutionized the industry. The small shops have 
been superseded by large shoe factories in which thousands of pairs 
of shoes are made each working day. Where formerly one man made 
the complete shoe, it is now worked upon by more than 100 differ- 
ent operatives, and more than 60 different machines are used in the 
process. 


THE MODERN SHOE FACTORY 


19 As the Goodyear welt shoe represents the highest type of foot- 
wear in appearance, comfort and wear that has as yet been produced, 
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a description will be given of a modern shoe factory, the methods 
employed and the machinery used in the process of making them. 

20 A modern shoe factory is, as a rule, a well-made, four-story 
building, well-lighted, and equipped with the latest sanitary arrange- 
ments for protecting as far as possible the health of the workmen. 
The power plant is installed in a one-story building outside the main 
building midway its length. 

21 Steam is generally used to generate power and furnish heat 
electricity for lighting purposes; and the automatic sprinkler system 
to protect the building and contents from fire. The factory is also 
equipped with the automatic fire alarm, and with elevators, suitable 
stairways and fire escapes. 

22 An exhaust fan system is used to extract the dust and dirt 
from the different departments in which abrasive and trimming ma- 
chines are used. This dirt is conveyed to a receptacle near the power 
house from which it is taken and burned under the boilers. 

23 The first floor is divided into a sole-leather stock room and a 
sole-leather cutting room; the general offices, the finishing room, 
treeing and dressing room, and the packing and shipping room are 
located upon the second floor; and the entire third floor is used as a 
making room. The fourth floor is divided into the upper-leather 
stock room, the upper-leather cutting room and the stitching room. 


MACHINES AND OPERATIONS 


24 When orders are received at the factory, they are recorded 
in an order book and given a number, and each lot made under that 
order is designated by a case number. Tags bearing order numbers, 
together with the details affecting the preparation of the stock, are 
sent to the cutting and sole leather rooms. Work sheets are daily 
sent to all of the different departments designating the work required 
of each for that day. 

25 The first operations in the making of shoes, which consist of 
cutting the upper leather and linings into the required shapes and 
sizes, are performed in the cutting room. Formerly all such opera- 
tions were done by hand by workmen who laid patterns upon the 
leather and then drew a sharp knife along their edges, thereby cutting 
the leather to conform to them; but to-day this work is done upon a 
clicking machine, provided with a cutting board very similar to those 
used by the hand workmen. Extending above the cutting board is 
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a beam which can be swung over any portion of the board and which 
is secured to a vertical shaft connected at one end by an eccentric 
strap surrounding an eccentric upon the driving shaft of the machine. 
The eccentric shaft is driven by a single revolution'clutch to impart 
to the beam a predetermined downward and upward movement. 

26 The skin to be cut is laid upon the board and the operator 
places a die upon it. Grasping a handle, which is connected to the 
beam, he causes the latter to swing over the die and by a downward 
pressure of the handle causes the clutch to operate so as to bring the 
beam downward and press the die through the leather. As soon as 
this is accomplished the beam returns to its full height and is auto- 
matically swung sideways from over the die. ' ‘ 

27 The dies used are but 2 in. in height and of very light weight. 
The tops of these dies are left open and the opening is substantially 
the same size and contour as the pieces of leather cut with them, thus 
enabling the operator to see clearly the entire surface of the leather 
he is cutting out. It is obvious that pieces of leather cut with any 
given die must be identically the same in shape. After the different 
parts required for each lot have been cut, they are tied in separate 
bundles and the lot number marked upon the top piece in each. 

28 The edges of the parts which show on the finished shoe, such 
as vamps, tips, quarters, etc., must be skived with either a shoulder 
or beveled edge upon the flesh side. This work is generally performed 
by a skiving machine, by which the edge of the piece of leather to be 
skived is fed by feed rolls and held by peculiarly shaped guides against 
the edge of a sharp revolving disc which cuts the edge to the desired 
bevel, irrespective of the curves and angles in the edge of the piece 
of leather operated upon. 

29 The pieces which have been skived are fed through a machine 
which deposits an even coating of cement upon the skived surfaces. 
After the cement has dried to the proper degree the skived edges are 
folded upon a folding machine, which turns back the edge about 
3; In. and folds it down upon the balance of the skived portion. 

30 It will be observed that when the edges of leather having a 
grain surface have been skived, cemented and folded in the manner 
described, they will present a very even, smooth and finished appear- 
ance. It may be well to add that the folding machine is provided 
with a knife for cutting slits in that portion of the edge which is folded 
over in order to make such leather lie down smoothly when folding 
curved edges. 

31 The ornamental perforations cut along the edge of the toe 
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cap are generally made by a power press, fitted with a die containing 
a multiplicity of punches for cutting all the perforations simulta- 
neously. It is necessary to use a stripper plate with such dies in order 
to withdraw the punches from the leather. The punches, which are 
hollow, cut against a paper band supported by the bed of the machine. 
A portion of the band is fed after each perforation, in order that a 
new surface may come under the die for the next cutting. This 
method insures perfect work. 

32 Another form of perforating machine is one used for long and 
irregular curved pieces. It is provided with a spindle which carries 
one or more small tools to perforate the work and feed it a prede- 
termined distance. These operations are repeated until the work has 
been perforated the required distance. 

33 On one of the top linings of each shoe is stamped the case 
number, width and size, by a special stamping machine made for the 
purpose. 

34 After all parts of the upper have been prepared in accordance 
with the instructions on the tag for this department, and assembled, 
they are forwarded to the stitching room. Here the different parts 
of the upper are united. 

35 The stitchers, the majority of whom are women, are divided 
into different classes, and while the lining stitchers are making the 
various styles of linings, others are at work stitching tips to vamps, 
ornamenting tops with fancy stitching, closing backs of vamps and 
tops and back-staying the same, working button holes on the button- 
hole machine, and performing other operations according to the style 
of shoe manufactured. When the tops and vamps have been made 
ready, they are stitched together on a cylinder vamping machine, 
an operation requiring skill and accuracy as the success of the future 
making of the shoe depends greatiy upon the work of the vamper. 
In the stitching room are performed many other minor operations, 
such as cementing, rubbing seams, strap making, etc., all of which 
require deftness and dexterity. 

36 In this room is also used the duplex eyeletting machine, which 
eyelets both sides of the shoe at one time with bewildering rapidity. 

37 The next and last operation performed in this department is 
the lacing of the upper upon the lacing machine, which passes strong 
twine through the eyelets, lacing five pairs and tying the two ends 
of the twine together at a single revolution. This is done so that all 
parts of the shoe upper will be held in their normal position while 
the shoe is being made. 
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38 With the completion of this operation the preparation of the 
shoe upperis finished and the different lots with their tags sent to 
the making or bottoming room; there to meet the different sole leather 
portions, which in the meantime have been prepared inthe sole leather 
room in accordance with the instructions written upon the tags. 

39 The outsoles are cut from sides of leather on large dieing-out 
machines, which press heavy dies through the leather, or are roughly 
cut from strips of leather on a block sole cutting machine. The heavy 
firm portions of the hide which will bear the greatest amount of wear 
are used for outsoles and top lifts of heels, while the coarser and more 
flexible portions are used for insoles, taps, counters, toe boxes, welting 
and heel lifts. These outsoles are fed through a rolling machine where 
they are subjected to many tons of pressure between heavy rolls, to 
solidify the leather and increase the wear; and are then fed through 
a splitting machine which reduces them to an absolutely even thick- 
ness. The shank portions are reduced on a skiving machine in order 
to give the edges a better appearance in the finished shoe. 

40 The insoles are trimmed to an exact size on a rounding machine 
in which the roughly died-out pieces of leather are held between 
clamps, one of which is the exact pattern of the sole. The pattern 
and sole are held in a stationary position, while the knife which 
trims the sole is secured to a yielding carrier completely encircling 
the sole, and the cutting edge of the knife follows the contour of the 
pattern. They are then fed through the channeling machine, pro- 
vided with two knives, one of which cuts a slit along the edge of the 
insole, and the other a channel in the flesh surface a short distance in 
from the edge. A lip turning machine is used to turn the lips over 
against the flesh surface of the insole to form a shoulder, against which 
the upper is lasted, and to which the upper and welt are later sewed. 

41 The toe boxes and counters are cut with dies to the required 
sizes and skived on a special skiving machine which reduces their 
edges to a knife-edge thickness. The object of so shaping them is to 
prevent their edges from forming lines which otherwise would show 
in the finished shoe. 

42 The heels to be used upon these shoes are formed of different 
lifts of leather cemented and nailed together in a_ heel-building 
machine, and placed in layers in a press, subjected to sufficient pres- 
sure to hold them flat until the cement sets or hardens. The top 
lifts, which are later attached to the heel, are compressed in a special 
machine under many tons of pressure to solidify them, thus greatly 
increasing their wearing qualities. 
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43 The first work in the bottoming room is the selection of the 
lasts required for each lot of shoes, after which the insoles are auto- 
matically tacked to the bottoms of the lasts by means of the insole 
tacking machine. It is necessary to bevel slightly the edges of the 
heel-seats of the insoles after tacking, to conform to the curves of the 
last. This operation is preformed by a recently invented machine, 
provided with a rotary cutter and novel guiding means. 

44 The toe box or stiffening is now pasted between the toe tip 
and the lining of the upper and the counter placed between the heel 
portion and lining. The last is placed inside the upper and put upon 
the spindle of the assembling machine, which drives a tack in the 
back of it to bring the heel portion of the upper and counter into 
position, and folds a portion of the counter and upper over the edge 
of the last and insole, securing them by an additional tack. 

45 The upper in thiscondition upon the last is passed to the oper- 
ator of the pulling-over machine. This is one of the most important 
machines in the process of making shoes, for the parts of the shoe 
upper have been cut to conform exactly to the shape of the last, on 
which they must be correctly placed to secure the desired results. 
The pincers of the machine grasp the leather at different points on 
each side of the toe; and the operator, standing where he can see 
when the upper is exactly centered, presses a foot lever causing the 
pincers to close and draw the leather securely against the wood of the 
last. At this point the operator stops the machine and by moving 
different hand levers which control the pincers he is able to adjust 
accurately each part of the shoe upper to the position intended for 
it. The foot lever again being pressed, the pincers move towards 
each other, drawing the leather securely over the last and at the same 
time automatically driving three tacks on each side and one at the 
toe, which hold the uppers securely in position. 

46 The assembled parts attached to the last are now ready for 
the lasting process, which is one of the most difficult operations to 
perform properly, and for which two types of machines are used. 

47 The bed type of machine is usually employed to last the toe 
and heel portions, while the type known as the ‘‘ hand-method” welt- 
lasting machine is used to last the sides, although in some instances 
it is used to last the whole shoe. The former type is provided with 
a series of wipers which draw the leather from all directions over the 
edge of the insole about the toe and heel portions in a very smooth 
and efficient manner. Before releasing these wipers, the leather is 
secured in position upon the last by a piece of fine wire passed about 
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the toe and secured at each end by tacks, the crimples of the sur- 
plus leather preventing it from slipping. The surplus leather crimpled 
in at the heel is forced smoothly down against the insole and held 
there by tacks driven by a hand tacking machine, in which there is a 
constantly renewed supply. 

48 The hand-method machine which is used for lasting the sides 
takes its name from the almost human way in which it performs its 
work. It draws the leather with pincers, evenly and tightly about 
the last, and, while held in position, tacks are automatically driven 
into the last a portion of their length to hold the edge of the upper 
exactly in place. After the shoe has been lasted it is necessary to 
keep it in that state for a few hours so that the leather may retain 
the shape to which it has been stretched. 

49 There is also left a surplus amount of leather and lining”at 
the toe and along the sides of the shoe projecting over the edge of 
the insole which must be removed. This is done by the use of the 
upper-trim ming machine, provided with both a rotary and an oscil- 
lating knife which cut very smoothly and evenly. 

50 On the heel portion of the shoe, the tacks are driven through 
the insole and clinched on the iron heel of the last, but elsewhere 
they are driven only part way in, so that they may afterward be 
withdrawn and leave the inside of the shoe perfectly smooth. They 
are removed by the tack pulling and resetting machine, which is 
provided with a pair of jaws which grasp the tack beneath the head, 
withdraw it, and then throw it into a tube leading to a receptacle 
at the back of the machine. This device is also provided with a 
mechanism for driving special soft wire tacks automatically through 
the upper and into the rib of the insole, temporarily holding the upper 
in place during the sewing operation. 

51 A narrow groove is cut in the welt a short distance from its 
edge to receive the thread of the inseam, and the insoles are moist- 
ened preparatory to being sewed on the Goodyear welt sewing 
machine (Fig 6), from which these shoes derive their name. The 
operation of this machine, as previously stated, consists of sewing the 
welt and upper to the insole. 

52 After the shoe has been sewed, the surplus leather above the 
insean is trimmed off by the inseam trimming machine, to permit 
the outsole to lie flat against the seam. The knife which does this 
trimming is saucer shaped and runs at a high rate of speed. 

M53 The ends of the welt are skived to a knife edge, after which 
it is beaten out on the welt beater, in which a hammer vibrates 
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very rapidly under a yielding pressure. The welt so treated stands 
out flat from the edge of the shoe. As it is bent about the toe during 
the sewing operation, it has a natural tendency to draw more tightly 
at that place, and this strain is relieved by a knife in the beating 
machine which cuts diagonal slits in the edge of the welt at that point 
and is under the control of the operator. The tacks which fasten 
the insole to the last are now removed by the insole tack-pulling 
machine, and the bottoms of the shoes are filled with a preparation 
made of ground cork and rubber cement, which prevents the pene- 
tration of moisture in damp weather. 

54 A steel shank is tacked to the shank portion of the shoe to 
support the arch of the foot and to help keep the shoe in shape. 

55 The bottom of the shoe and of the welt now receive a coating 
of rubber cement. This cement is contained in an air-tight tank, 
so that there is very little waste through evaporation, which when 
applied by hand is excessive. It is applied by means of a revolving 
brush, which takes its supply of cement as required and in this way 
gives an even coating of any desired thickness. 

56 The flesh surface of the outsole also receives a coat of rubber 
cement and is allowed to dry to the required degree, after which it 
is stuck to the bottom of the prepared shoe by the twin sole-laying 
machine, which is provided with a rubber pad or mold which has 
been made to conform to the curves in the sole of the shoe. After 
placing the shoe on the spindle suspended from the upper part of 
the machine directly over the rubber mold, the sole with its cemented 
surface is pressed against the bottom of the shoe, and the operator 
by pressing a foot lever causes the shoe to descend into the mold. 
By pressing a second lever, additional pressure is brought to bear, 
forcing every portion of the sole against the bottom of the shoe and 
welt. Here it is allowed to remain for a sufficient length of time for 
the cement to set properly. Meanwhile the sole of another shoe is laid 
in a similar manner in the duplicate or twin portion of the machine. 

57 The next operation is that of trimming the edge of the sole 
and welt to the shape required. This work is performed on the rough 
rounding and channeling machine. As it is often desired to have 
the edge extend further on the outside of the shoe than it does on 
the inside, and generally to have the shank portion trimmed some- 
what closer than the forepart edges, this machine is provided with 
automatic means for performing such operations. Simultaneously 
with the rounding operation the machine cuts a channel along the 
edge of the sole (Fig. 5). 
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58 After the completion of this operation, the shoe is taken to 
the loose nailing machine, which drives small nails automatically 
through the heel-seat of the outsole and insole, clinching them against 
the iron plate upon the heel of the last, thus securely fastening that 
portion of the sole. The latest improved type of this machine is 
capable of driving 1400 nails per min., but the average operator is 
incapable of operating the machine at much more than one-half its 
capacity upon many kinds of work. 

59 The surplus portion of the sole about the heel-seat is trimmed 
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off on the heel seat-rounding machine. The lip of the channel cut 
by the rough rounding and channeling machine is turned up by the 
channel-opening machine, which has a peculiarly shaped revolving 
tool for the purpose. 

60 The outsole is now sewed to the welt by the outsole rapid 
lockstitch machine. The stitched seam extends from the root of 
the channel cut in the outsole through to the surface of the welt, 
where the stitches show after the shoe has been finished. This 
machine, which is fitted with a curved awl and needle to sew with 
hot waxed thread, is capable of sewing very closely to the upper of 
the shoe, irrespective of the many curves in the last. It contains a 
rotary shuttle to carry the bobbin which forms the lockstitch, and 
is provided with a takeup thread-measuring device, and other suit- 
able thread-handling instrumentalities. The lockstitch seam which 
it forms is very durable and holds the outsole securely, even after the 
connecting stitches have worn off. 
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61 ‘The channel lip of the outsole is now forced into its former 
position to cover the stitches. By the channel flap-laying machine, 
in which a rapidly revolving wheel provided with a peculiar arrange- 
ment of flanged projections forces the leather smoothly and evenly 
back into place. 


62 The shoe is now ready for the sole leveling operation, which 
is performed in the automatic sole-leveling machine, so nearly auto- 
matic in every particular that all the operator is required to do, 
apart from the making of adjustments for different styles of shoes, 
is to jack and unjack them. The machine is provided with two 
jacks, on one of which the operator places the shoe to be leveled, 
after which it is passed automatically beneath a vibrating roll under 
heavy yielding pressure. This roll is controlled by a cam-actuated 
mechanism which causes the roll to tip so as to level the sole to the 
required form. At the completion of the leveling operation the 
jack which supports the shoe is returned to its first position ready 
for the shoe to be taken from the machine, a shoe having mean- 
while been secured upon the second jack and forced forward into the 
machine to be leveled. 


63 The heel of the shoe is now nailed in place by the heeling 
machine, which performs its work very rapidly and perfectly. The 
shoe is placed in position on a jack and the heel nails, which have 
been set in the holes of a plate, are swung into position exactly over 
the heel and automatically dropped into a die containing holes cor- 
responding to the places where the nails are to be driven. On pressing 
a foot lever all the nails arg driven at one time through the heel, the 
upper and the insole and are clinched upon the inside of the shoe. 
The heads are left slightly protruding above the heel so as to retain 
the toplift which is now placed in position. The operator again pres- 
ses the foot lever and the machine presses the toplift down over 
the heads of the nails. This operation is called blind nailing. 


64 The shoe is next taken to the slugging machine, which drives 
short pieces of wire, called “‘slugs,”’ in and about the edge of the top- 
lift to protect it from wear. This machine will automatically drive 
and cut from a continuous coil of wire as many as 1000 slugs per 
minute. 


65 The heel is trimmed by the heel-trimming machine, in which 
a set of very rapidly revolving knives cut away all the rough and 
surplus portions of leather, leaving the edge of the heel quite smooth 
and the exact contour intended. Since the toplift is the exact size 
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of the bottom of the heel, it is used as a guide by the operator when 
trimming, as is also the edge of the heel-seat of the shoe. 

66 The breast of the heel, or that portion which extends over the 
sole at the shank, is trimmed on the heel-breasting machine. The 
cut may be made straight across or concave, and with the required 
slant. The shoe is placed upon the jack of the machine and the 
tread surface of the heel forced against a plate to support the heel 
during the descent of the knife, which cuts smoothly through each 
lift of leather to the exact point at which the heel is joined to the out- 
sole, but without cutting into it. The curve of the knife exactly 
conforms to the rounded form of the shank portion of the sole. 

67 The edges of the heel are now scoured on the heel-scouring 
machine to make them perfectly smooth and even. This machine 
has two rolls on which molded sandpaper is fastened, conforming 
exactly to the contour of the heel. These rolls are driven at a rapid 
rate of speed, the leather dust scoured from the heels being taken 
away by the exhaust-fan system previously mentioned, 

68 It now becomes necessary to rand or trim away, at a slight 
bevel, a portion of the surface of the welt outside the line of stitch- 
ing which fastens the sole to the shoe, in order that subsequent oper- 
ations in the making of the edge may be properly performed. The 
beveled portion of the welt is rubbed down hard and smooth to make 
it retain its shape. These two operat ons are performed on the trim- 
ming and rubbing machine, in the head of which are two shafts 
which revolve at a high rate of speed. Upon one is mounted a thin 
beveled cutter, protected at its periphery by a guard to prevent its 
cutting the stitches of the seam. The second shaft is fitted with a 
serrated rubbing wheel for rubbing the surface of the welt. 

69 Water is now applied by means of a brush to moisten the welt 
preparatory to separating the stitches, in which operation indenta- 
tions are made in the leather, crosswise of the welt, in the intervals 
between the stitches, for the purpose of giving to the surface of the 
welt an ornamental finish. This work is performed on the stitch- 
separating machine, and is provided ‘with ‘a feed ‘slide upon which is 
mounted, by connected mechanism, a tool post to hold the stitch- 
separating tool. The feed slide has imparted to it a predetermined 
positive-feeding movement, adjusted to correspond to the longest 
stitch in the seam to be separated. The tool, however, feeds the 
work each time a distance equal to the exact length of the stitch sep- 
arated, whether it be of uniform or of varying length. 

70 This result is accomplished by bringing the point of the sep- 
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arating tool against the surface of the seam with a yielding pressure, 
and then vibrating the tool lengthwise of the seam to cause its point 
to enter the interval between the stitches. Further vibrating move- 
ment, after the tool has been located in the interval between the 
stitches, will not move the extreme point of the tool, but instead, 
the tool holder, to which the tool is fastened and which is held in 
its normal position by friction, will be rocked about the stud upon 
which it is mounted. After the completion of the locating move- 
ment the tool is forced into the welt a pre-determined distance, with 
a positive pressure, to separate the stitches and make the required 
indentation in the welt. This being accomplished, the work is fed 
the length of the stitch separated. A correcting mechanism moves 
the tool to its normal position after each feeding movement; other- 
wise, the machine would fail to accurately locate the intervals between 
the stitches. It is intended to make the stitches in the seam of equal 
lengths, but because of the inequalities in the leather and the slight 
differences in the pressure exerted by the operator while making the 
seam, the stitches often vary considerably in length, although such 
variations are hardly perceptible to the eye of the average person. 

71 If the machine be set to separate the stitches of a seam con- 
taining on an average of 10 stitches to the inch, some individual stitches 
may be found to average 8 and others 12 to the inch, yet the machine 
will accurately locate each interval between such stitches, or any 
length of stitches between the two extremes mentioned. In some 
instances it is preferred that the stitches be drawn into the welt 
slightly below its surface. This is termed a fudge stitch, in making 
which an impression wheel is used to produce a series of indentations 
on the surface of the welt very similar to those made by the stitch- 
separating machine. 

72 The indentations are afterwards burnished on the burnishing 
machine. This contains an impression wheel which is free to revolve 
as the work is fed beneath it, but is positively vibrated lengthwise of 
the indentations at a high rate of speed to polish them. 

73 The edge of the sole is now evenly and smoothly trimmed 
to the desired shape on the edge-trimming machine, provided with 
a rapidly revolving cutter for trimming the edge of the fore-part of 
the shoe, and another slightly different in shape for trimming the 
edges of the shank portion. 

74 After the edges and welt of the shoe have received a coating 
of special blacking and become sufficiently dry, they are set and bur- 
nished on the edge-setting machine. In this, two hot irons, shaped to 
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fit the trimmed edges, vibrate very rapidly, and the edge of the shoe 
held against them is quickly set or hardened and given a brilliant 
and lasting polish. 

75 The surface of the top-lift is now made perfectly flat and even 
on the toplift-sanding machine, the operator holding the surface 
against the sanded face of a large revolving disc. 

76 The breast of the heel is scoured on a small machine fitted 
with a rapidly revolving cone-shaped disc, surfaced with sandpaper, 
which brings this portion of the shoe to a proper finish. 

77 The edge of the heel is given a coating of special ink on the 
heel-blacking machine, which contains a reservoir of ink and auto- 
matically feeds the amount required to the surface of two brushes 
revolved in opposite directions. By holding the heel against the 
brushes the edge is thoroughly and evenly coated with ink, and is 
finished on the heel-finishing machine. 

78 This machine is provided with an iron wheel of peculiar con- 
struction made up of a number of segments lying diagonally across 
its surface and conforming to the varying shapes of heels. Hot wax 
is automatically conveyed to the surface of the iron wheel, which 
is also heated. The edge of the heel being held against the wheel, 
the ink and wax are thoroughly rubbed into the leather, and the heel 
is then presented to a revolving pad on the machine, which polishes 
the edge, receiving a final finish by being held against a rapidly revolv- 
ing brush to give it the required brilliancy. 

79 The bottom of the shoe is buffed on the buffing machine, on 
which two rapidly revolving rol!s, covered with sandpaper, remove 
the outside surface of the grain of the leather for the purpose of add- 
ing to the appearance of the bottom when finished. As the shank 
portions of the sole cannot be properly buffed with these rolls, the 
buffing machine is used for this purpose. This is an entirely differ- 
ent type of machine. It contains a vertical shaft, upon the lower 
end of which is mounted a pad of rubber covered with emery cloth 
revolved many thousand revolutions per minute. An air pump 
with which the machine is fitted keeps the rubber pad constantly 
inflated with air, not only keeping the emery cloth cool but adding 
flexibility to the pad so that it conforms to the surface of the leather 
being buffed. 

80 The bottom and top-lift of the heel are blacked or stained 
and brought to a highly polished surface on the finishing machine, 
which has a revolving shaft fitted with different brushes made of 
cloth or bristles as may be required for the particular kind of work 
to be performed. 


| 
| 
f 
{ 
‘ 
; 
a 
‘ 
. 
> 
} 


1978 MODERN SHOE MANUFACTURE 


81 Another form of finishing machine known as the stitch and 
upper cleaner is fitted with special brushes and used for the purpose 
of polishing the stitches and leather about the indentations in the 
surface of the welt. It is also used to brush off any dirt which may 
have accumulated upon the upper of the shoe up to this point in its 
manufacture. 

82 In order that the quality of the shoe may be recognized, a 
trademark or trade name is generally stamped on the bottom of the 
sole or in the shank. This work is done by a power stamping machine 
whereby the operator is enabled to press the heated die against the 
bottom of the sole under any desired pressure, regulated by hydrau- 
lic means. 

83 The last, over which the upper was drawn early in the making 
process, has been allowed to remain in place through all the various 
operations so that the finished shoe may acquire and retain exactly 
the shape desired. It is at this point that the last is withdrawn and 
the shoe placed over the form of the treeing machine. This is the 
shape of the last, but is collapsible. The pressure of a foot lever in 
this machine expands the form inside the shoe until it fills it entirely 
and the operator, using various tools, rubs out every wrinkle that 
may have made an appearance in the shoe upper and cleans or dresses 
it with such preparations as will give to the shoe the best appear- 
ance. The releasing of the foot lever causes the expanded form to 
collapse, and the shoe is removed without disturbing in any way its 
form or finish. 

84 The shoe is then inspected and the upper receives its final 
coat of dressing. Now being finished, it is packed in a carton and 
made ready for shipment to the purchaser. 


WELT-SEWING MACHINE 


85 ‘The welt-sewing machine (Fig. 6) is by no means the most 
complicated in the system of machines for making Goodyear welt 
shoes, but since it is the most important one, its construction and 
mode of operation will be briefly described. 

86 The head of the machine is mounted upon a post which can 
be adjusted in a suitable base so as to permit the machine to be set 
to the height most convenient for operation. The principal parts 
of the thread-handling mechanism are a curved open-eyed sewing 
needle, looper, thread finger, takeup, auxiliary-takeup, tension wheel 
and tension-wheel governing device. 
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87 The machine has a circular awl for feeding, and a channel 
guide, both of which are secured to levers mounted upon the feed 
slide of the machine. It is also provided with a suitable device for 
holding and guiding the welt, and a back rest to assist in supporting 
the shoe during the sewing operation. All of these different parts 
are given their respective movements by levers actuated by a series 
of cams fastened to the driving shaft ot the machine. 

88 A steam-heated wax pot attached to the machine holds hot 
wax to be applied to the sewing thread. 

89 The stitch made by this machine is known as a chain-stitch, 
but is not made by the ordinary method, in which a number of the 
parts of the machine mentioned could be dispensed with. 

90 To sew, it is necessary first to turn the driving shaft to a posi- 
tion that will permit the shoe to be placed in the machine, the end 
of a strip of leather welting being inserted in the welt guide. The 
operator takes the shoe by both hands and places it in the machine, 
pressing it against the point of the awl and of the channel guide at 
the bottom of the inside channel of the insole at the breast of the 
heel-seat. By pressing a foot lever, the machine is set in motion, 
and under the guidance of the operator the welt is sewed to the shoe 
along the side, around the toe to the breast of the heel-seat upon the 
opposite side of the shoe, thereby uniting the welt, upper, and insole 
by a strong, durable, wax-thread seam. 

91 To describe a stitch made by this machine, we will presume 
that a few stitches have already been made in a seam and that there 
is a loop of thread in the eye of the needle which has been drawn 
through the work through the previous loop, and which is longer 
than the required length of a stitch, and that the needle is in its 
extreme position away from the work with the loop taut in the eye 
of the needle. Starting the machine at this point, further move- 
ment will cause the awl to descend and be forced into the between- 
substance or rib at the bottom of the inside channel of the insole, 
when the awl feeds the shoe the length of a stitch to a position which 
will bring the awl and needle inline. The needle will then descend 
and be forced through the edge of the welt, upper and between-sub- 
stance of the insole, going through the hole made in the between- 
substance by the awl, which during this movement has been with- 
drawn from the work and out of the path of the needle. During the 
forward travel of the needle, the loop of thread in the eye will have 
been forced down upon the shank of the needle by contact with the 
work. The takeup lever next acts to draw the previous stitch tight, 
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taking up the slack thread and pulling the loop tight about the shank 
of the needle with a strain equal to that exerted by the tension device 
upon the thread; the continued movement of the takeup drawing an 
amount of thread from the wax pot or thread supply equal to the 
amount of thread used in forming the previous stitch. The thread 
finger now moves to measure off a predetermined amount of the 
thread taken from the thread supply by the action of the takeup. 

92 The looper is next moved in a path about the point of the needle 
and places the thread in the eye of the needle, the thread being kept 
taut during such movement by the action of the auxiliary takeup. 
The needle then acts to pull the new loop of thread through the work, 
through the previous loop, and to set one leg of the new loop taut 
against the between-substance of the insole at the root of the channel. 

93 The movement of the thread finger should have displaced 
just enough slack thread to cause the needle to bite the thread at a 
point in its length which will pull one leg of the loop taut against the 
between-substance of the insole; shorten the previous loop an amount 
due to the difference between the area of a cross section of the shank 
of the needle and the area of two cross sections of the thread of which 
the loop is made; and pull the new loop taut in the eye of the needle 
with only a slight reaving movement of the thread through it. A 
revolution of the camshaft of the machine has now been completed, 
bringing it to its first position, a stitch having thus been formed in 
the work by the thread-handling mechanism. 

94 The welt is guided about the shoe by the guide locked against 
the shoe during the time the needle is pulling the thread through the 
work, and helps to support the work against the pull of the needle. 
It is again locked against the shoe when the awl is puncturing the 
insole; and is also given an automatic pullback movement, regulated 
to a predetermined throw, to allow the shoe to feed clear of the guide 
and to help draw the welt through it in such a manner as to lay the 
proper amount of welt around the shoe. It is moved back during 
the formation of each stitch a uniform distance from the point of 
contact with the shoe, regardless of the varying thicknesses of the 
between-subtance to be sewed, so that it is locked at varying dis- 
tances away from the point of the channel guide. 

95 The back rest is locked against the shoe to help support it 
during the action of the needle and again during the thrust of the 
awl which punctures the insole. 

96 An operator can sew on this machine in a day as many shoes 
as 100 band-workmen previously sewed in the same length of time; 
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and since the sewing thread has been treated with hot wax and pulled 
by t’.e machine with unvarying tension, the seams are stronger and 
wear better than those made by hand. 

97 The results obtained by the use of the different machines 
which we have described enables shoe manufacturers at the present 
time to produce Goodyear welt shoes to retail at prices ranging from 
$3.50 to $7 per pair, which for comfort, style, and superior workman- 
ship, excel those made by custom workmen to sell at prices ranging 
from $12 to $18 per pair. 


| 
| 


OPERATING CONDITIONS OF PASSENGER 
ELEVATORS 


By P. Botton, New York 
Member of the Society 


This paper is concerned with the principles that affect and limit 
the service of passenger elevators, which constitute the most impor- 
tant adjunct to the improvement of real estate and which are con- 
tinually being more widely used in this connection. 

2 The operation of a passenger elevator is unlike that of other re- 
ciprocating mechanisms, in that its movements are designedly de- 
pendent upon the entrance and exit and the weight of the persons 
making use of its car. The time during which it is in actual motion 
is therefore only part of the total time of its service, and it will be 
manifest that some due proportion of the total time may be expected 
to be occupied by passenger movement and by machine motion re- 
spectively, and should either one or the other be of undue proportion, 
the result will be a reduction in efficiency, as represented by traffic. 

3 Passenger time is that which is consumed while the car is not 
in motion, but is awaiting the movement of passengers. In schedule 
service, which is the method of operation universally adopted in bus- 
iness buildings, the period of actual waiting time at the lower floor 
is limited by the schedule, but in addition to this time, the movement 
of passengers in entering and leaving the car and the processes of 
opening and closing the gates occupy a further proportion of the 
total time of use of the elevator. 

4 The period of inaction of an elevator thus has a close relation 
to the number of passengers carried, and in schedule service the aver- 
age consumption of time which the writer advanced in a recent work 
on this subject has been found by experiment to prevail in various 
cities, indicating that personal characteristics in the use of elevators 
are very similar in all parts of the country. These allowances are: 
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a For each person carried either way ............... 5 sec. 
b For each person entering at the lower landing...... 1} sec. 
c For each person leaving at lower landing.......... # sec. 
d For the process of making and leaving the upper 


The waiting time at the ground floor, in addition to the foregoing 
is extended to suit the schedule, which is fixed by the division of the 
round-trip time between the number of elevators in use. In several 
tests of the traffic of schedule service, by making the foregoing de- 
ductions from the total time occupied, the actual running speed of the 
elevator car has been correctly predetermined and in others, by de- 
ducting the known running time from the total, the foregoing allow- 
ances have been substantiated. 
5 The machine time is occupied by three main elements: 

a Acceleration from a state of rest to designed speed. 

b Travel at designed speed. 

c Retardation from designed speed to a state of rest. 
The average speed of the machine is not its designed or nominal 


TABLE 1 MEAN SPEED AT VARIOUS FUNCTIONAL DISTANCES 


FUNCTIONAL NCE 


FLIGHT 
10 Ft. 15 Ft. 
Ft. Ft. Per Sec. Ft. Per Sec. 


speed, but that which results from the mean time occupied in the 
foregoing operations. The designed speed may not be attained un- 
less the flight or distance between stops is such that the processes of 
acceleration and retardation from and to a state of rest do not occupy 
the entire space of time and distance. 

6 Fig. 1 shows the course of these functions on a horizontal scale 
of time and a vertical scale of space, with the mean speeds resulting 
therefrom. Line AB is that of the designed speed of the car at 500 
ft. per min. Curve CD is that of the function of starting and stop- 
ping on the up-run within distances respectively of 6 and 4 ft. and 
C’D’ the same operation on the down-run and within a flight from 
landing to landing of 15 ft. The mean speed is reduced to 5 ft. per 
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sec., a drop of 40 per cent from the designed speed. Curves EF 
and 'E’F’ are those of the same functions exercised in a distance of 
10 ft. and 5 ft. respectively, thus occupying the entire space from 
landing to landing and reducing the mean speed to 4.16 ft. per sec., 
or 50 per cent of the designed speed. From these and similar curves 
the mean speeds given in Table 1 have been deduced. In curve EF 
it will be seen that the car on attaining its designed speed, is 
immediately slackened by the commencement of the process of 
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Fig. 2 MEAN SPEEDS BETWEEN LANDINGS AND CORRESPONDING SERVICE 


retardation so that the designed speed is not utilized at any less 
distance than 15 ft. between landings. 

7 Fig. 2 shows these rates of speed at the same two functional 
distances plotted for all distances between landings from 12 ft. to 
35 ft., with the corresponding character of the service expressed in 
percentage of landings to floors. 

8 The gain by the shorter functional distance when making any 
service is about 12 per cent of machine time, and such an elevator 
will, if sufficiently powerful for the increased load, attain the same 


mean speed with 1's traffic as is attained in the other machine with 
four landings in ten floors. 
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9 The live load in the car and the weight of the car itself directly 
affect the functions of acceleration and retardation, aiding or opposing 
each operation inversely on the up and down runs. Where there is 
no counterweight or balance applied to the live load, these effects 
are directly proportioned to the latter. In hydraulic elevators it 
is not usually practicable to counterbalance the live load, but it is 
the universal practice to counterbalance some part of the live load 
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in electric elevators, relieving to that extent the two operations in 
either direction. As electrically operated elevators are now largely 
in the majority and are constantly on the increase, the relation of the 
counterbalance to the average live load carried each way appears 
to be a most important feature and it would be desirable to ascertain 
it in some definite manner rather than by theoretical assumption. 
10 Elevator loads are varied on the up and down runs in the man- 
ner shown in Fig. 3, in which the flights and stops of a car are shown 
by line ABCD and the weights by the shaded parallelograms. The 
overbalance, if it be one-half of the commencing and ending live loads, 
has the theoretical effect of bringing about a complete balance of 
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lifting and lowering work, and theoretically the net overbalance 
lifted on the one side is used as descending force on the other. It is 
due to this feature that the electrical form of elevator will give back 
a certain amount of motor-generated current to its supply line. The 
amount so returned is but a portion of that used in lifting the over- 
balance and is usefully employed only if there be some means of absorb- 
ing or utilizing the current. The motor must also be back-rotated to 
that speed necessary to produce a voltage equal to that of the cir- 
cuit which is only the case when it has attained its designed speed, so 
that this economic feature is also dependent on the average distance 
between stops and starts. 


TABLE 2 TESTS AT NIGHT AND DAY BANK BUILDING 
Averace Loaps—Car No. 2 


Live Loap, Ls. 


Persons Each Way, 
Average 100-200 200-300 300-400 

7-8 0.75 105 
8-9 2.09 292 
10-11 2.33 326 
11-N 1.91 267 
N-1 2.55 338 
1-2 2.67 349 
2-3 2.65 _ _ 347 
34 1.29 181 
4-5 1.73 ante 242 
5-6 1.67 233 
6-7 0.94 131 


11 The effect of overbalance is also varied by the fluctuations 
of the live load in either direction during the hours of traffic, and 
should this traffic be uneven or such as to vary considerably from the 
designed relation of load to overbalance, then the benefit of the over- 
balance is disturbed and its value is considerably impaired. 

12 The relation of traffic to counterbalance is therefore a matter 
of importance, and economy may be effected by ascertaining what pro- 
portion the average loads each way bear to the overbalance. These 
relations may be ascertained after the appliance is in full operation 
by counting the passengers, but this observation is not of value un- 
less the counting is made of every individual carried each way during 
some given period of time, 
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13. The observed operation of the traffic in the cars of the Night 
and Day Bank Building is shown in Fig. 4, in which are plotted on 
the vertical scale above and below the middle horizontal line the 
number of persons carried up and the number of persons carried down 
on each hour of thé business day. This observation shows that the 
distribution of traffic in such a business and professional building 
closely coincides with the theoretical distribution advanced by the 
writer. In the traffic of this building, the heaviest periods of eleva- 
tor work are from 9 a.m. to 10 a.m. for one-way traffic, and from 2 
p.m. to 3 p.m. for two-way traffic, periods which may differ in other 
cities. The individual work of one car is given in Table 2. 

14 The overbalance of these machines is about 800 lb. of live load 
and is reduced by the weight of the operator to 660 lb. of actual pas- 
senger load. The excess or overbalance of the actual mean passenger 
loads thus becomes 520 Ib. for 3 hr., 400 lb. for 4 hr., 310 lb. for 5 hr., 
indicating that an unnecessary amount of overbalance is provided 
and that improvement could be effected by reduction of the counter- 
balance. 

15 In hydraulic-cylinder elevators, and notably in those of the 
plunger type, the absence of counterbalance of the live load not only 
varies the period of acceleration and retardation to a wide extent, 
but as the power applied to these machines is fixed in extent, succes- 
sive increments of load also vary the traveling speed. On a test of 
the very powerful hydraulic-cylinder elevators of the Hanover Bank 
Building, the traveling speed both up and down varied from 880 ft. per 
min. with a live load of 550 lb. to 330 ft. per min. with a live load 
of 3300 lb. The characteristics of the functions of stopping and 
starting varied as shown in Table 3. 

16 In the plunger type of machine, the effects just described are 
increased on account of the large mass of material and water which 
must be set in motion to and arrested from the same speed as the car 
and the result is that both the period and the distance of acceleration 
and retardation are relatively prolonged. These effects are largely 
negatived in the electrical elevator, even where, as in the case of the 
traction type, the ropes and the counterweight all travel at the car- 
speed. This result is obtained by the introduction of the electrical 
and mechanical brake action in retardation, and by the ability of the 
electric motor to exert force in acceleration and motion approximat- 
ing the resistance of its load. These capabilities have been very 


1 Elevator Service, published by the Author. 
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highly developed in the one-to-one traction electrical elevator, in 
which motors of large proportions accompany its relatively slow speed 
and the physical danger of dislodging the cables from the head sheaves 
by rapid retardation on the up run or of putting excessive strain on 
the cables in downward retardation are overcome by the arrangement 
of the friction drive. This form of machine therefore offers the larg- 
est possibilities in the directions discussed, affording maximum powers 
of acceleration at designed speed with all loads, and safe retardation. 

17 But even with these powers, it will remain a fact that if the 
traffic in any elevator be such as to demand a stoppage within a dis- 
tance less than that occupied by the operations of acceleration and 


TABLE 3 TESTS AT HANOVER BANK BUILDING 
Loaps, FuncTionat Distances AND SPEEDS 


Acceleration Up Retardation Up 
Speed, Ft. Per Functional Mean Speed in 
Live Load, ™ Min. Retardation Acceleration Distance. Ft. 24 Ft. Per Sec. 


Down, Ft. Down, Ft. 

| 
3300 330 l 6.6 17.6 2 
2200 625 7.25 7.75 15 7.15 
1100 800 6.1 12.3 18.4 8.1 
550 | 880 5 24 29 6 


retardation, or what has been described as the functional distance, the 
designed speed will not be attained. Therefore, unless the number 
of elevators be so related to the traffic as to afford an average distance 
between stops in excess of the functional distance, there is no advan- 
tage derived from the designed speed. As high rates of designed 
speed involve proportionate forces, which in each type require either 
high pressure of power supply or large proportions of apparatus, it 
will be seen that substantial economy in first cost may be secured by 
so proportioning the elevators to their work that the best results 
may be attained with the most moderate designed speed. 

18 In all elevators, particularly in those electrically operated, the 
use of power increases in proportion to the number of starts and stops. 
This is a natural result of the use of the electric motor, in which the 
largest part of the energy is required for the process of first motion 
and acceleration, the next largest for electrical and mechanical re- 
tardation, and a lesser amount for the actual running speed, with a 
small proportion devoted to the continuous excitation of the field. 
It therefore follows that in this form of elevator, which is now so 
widely used, the main part of the consumption of power is directly 
related to the number of stops and starts which accompany and result 
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from the number of persons carried. The diversities in results which 
have been reported from time to time as to the consumption of cur- 
rent by electrical elevators may be attributed to variations in traffic 
conditions. 

19 A series of very interesting tests were recently made upon the 
operation of a one-to-one traction elevator in the ten-story building 
of the Boston Edison Company, in which observations of the use of 
current were made at varying numbers of stops and starts with various 
loads. 


TABLE 4 CURRENT CONSUMED BY AN ELECTRIC ELEVATOR AT VARIOUS LOADS 


AND STOPS 
Up Bt.-10 1-9 1-9 1-9 1-9 
FLoors - 
Down 10-Bt. 9-1 9-1 9-1 9-1 
DISTANCE, Up 124.6 101.5 101.5 101.5 101.5 
Fr. Both Ways 249.2 203 203 203 203 
Up Bt.-10 1-9 1,5,9 1,3,5.7,9 1,2,3,4,5,6,7,8,9 
: Down 10-Bt. 9-1 9,5,1 9.7,5,3,1 9,8,7,6,5,4,3,2,1 
Srops 
Total 2 4 8 16 
Per Mile 42 4 52 104 208 416 
q |Oramazon' § 2 321 2.181 3.05 2.366 7.95 
ONLY 
— 
zg 066 2.855 2.54 2.51 2% 6.83 
1060 2.2 3.34 4.65 6.8 
2010 2.4 3.16 5 7.97 
2660 2.93 4.16 


Machine: Otis electric traction elevator 

Capacity: 2500 lb. at a speed of 500-550 ft. per min. 
Balance: 1060 lb.; 200 volcs, direct-current 

Date of test: December 1909 

Place: Boston, Mass. 


20 The writer has plotted from these results a series of curves 
shown in Fig. 5 which indicate very clearly that at all loads an in- 
crease in the number of stops results in a progressive increase in the 
current consumption. The shape of all these curves is affected by the 
relation of the overbalance to the load and at or near the balance 
point the most efficient service is naturally attained. 

21 In hydraulic elevators the cost in energy of stops and starts 
is that of the water under pressure, which is used for the reversal of 
the valves. In a test of the plunger elevators in the United States 
Express Building, in which the writer took part, the proportion of 
water thus used in stops and starts was ascertained to be, on the basis 
of four stops up and four stops down to ten floors above the ground, 
11.1 per cent of plunger displacement, and on the basis of a stop at 
every floor up and down, 22.2 per cent. 
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22 The method employed by the author in securing data bearing 
on these subjects is the observation of the number of persons carried 


each way on each trip by each elevator in a given time. 
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ations have been taken in a number of buildings of widely differing 
proportions and characters, in cities as far apart as Seattle and Atlanta, 
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and as diverse in characteristics as Detroit and Portland, Ore. In 
all cases these tests have proved of value by indicating opportunities 
for improvement in service and in economy and have also confirmed 
the foregoing conclusions as to the influence of traffic upon speed and 
efficiency of service. 

23 An interesting and comprehensive example of this method of 
observation is that afforded by the six hydraulic elevators of a Chicago 
office building of 17 stories located in the heart of the business dis- 
trict and having a professional, business and brokerage tenantry. 
The results of these observations are plotted in diagramatic form in 
Figs. 6, 7 and 8. The upward and downward traffic is plotted ver- 
tically above and below the middle horizontal line and the period 
of service is shown on the horizontal scale. In Fig. 6 the total com- 
bined hourly traffic each way is shown and from it is observable the 
disposition of traffic during the hours of business, the heaviest period 
being for one-way traffic from 8 to 9 a.m. and for two-way traffic from 
noon to 1 p.m. The total combined traffic for the day’s service was 
5888 persons carried up and 5801 carried down. 

24 In Fig. 7 the combined schedule work of the six cars is plotted, 
showing the number of persons lifted or lowered by all six cars on each 
schedule movement, affording a picture of the response of schedule 
operation to the flow of traffic. The average total of the six cars per 
hour is shown in the double dotted line on the upper and lower part 
of the scale, and the average number of persons per hour per car is 
shown in the strong single dotted line. The average number of per- 
sons carried per car per hour was 5 up, 4.91 down, and 4.95 each way. 
The total each way per hour aggregated 584 persons. 

25 Fig. 8 shows the work of these cars in still greater detail, the 
six diagrams giving the individual work of each car per trip, affording 
a complete picture of the division of the work between the several 
cars. Several interesting observations can be made from this dia- 
gram. The best work of the day was found to have been done by 
car No. 2, which during the busy hour of noon to 1 p.m. carried 264 
persons, or a mean of 6.6 each way per trip. The heaviest day’s 
work was done by car No. 5, which carried an average of 5.34 persons 
each way in the average round-trip time of 3.07 min. The average 
round-trip time of the schedule as maintained was 3.09 min., and the 
best time for an individual car was that of car No. 2 which made cer- 
tain trips in 2.5 min. round-trip time, carrying 4.35 persons each way, 
at the rate of 104 persons per hour. 
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26 It will be observed that at various times the operation of car 
No. 3 and car No. 6 was interrupted by their diversion from the ser- 
vice for freight purposes, and at the particularly busy time near one 
o’ciock, when this occurrence took place on car No. 3, the traffic was 
forced into the other cars, the loads on which were greatly increased, 
with the result that the number of round-trips made by those cars 
was reduced. 

27 The division of passenger time and machine time in these cars 
was ascertained by observations of the speed of two of the cars with 
a live load of three passengers each way. On a run from top to 
bottom of the shaft, the speed developed under those conditions, was 
6.77 ft. per sec., corresponding to a designed speed of 400 ft. per min. 
With the same load, but starting and stopping at every alternate 
floor, the mean speed fell to 4.8 ft. per sec. As the schedule main- 
tained by the service allowed an interval between arrival and depar- 
ture of cars at the ground floor of 30.9 sec., the actual time of the aver- 
age trip became 154.5 sec. The average speed of 4.8 ft. occupies 
80 sec., leaving for passenger time, less the top landing, 65.5 sec. The 
average number of persons carried by two of the cars when operating 
at this speed was 6.6 each way, or 13.2 in all, so that the passenger 
time was 5 sec. per passenger per landing, which is the allowance to 
which reference was previously made. 

28 These observations indicated further that the elevators were 
capable of handling the busy-hour traffic at the rate of four land- 
ings to ten floors and were operated under an average of three and 
one-tenth stops to ten floors, affording an ample service readily 
capable of meeting the variations in the flow of traffic. They also 
indicated that during the heaviest period of the day when the rela- 
tion was increased by the withdrawal of one car, the time of the round 
trip was delayed and the schedule lengthened, reducing the conven- 
ience and’the efficiency of the service. 
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A NEW THEORY OF BELT DRIVING 


By Sevsy Haar,' Scuenectapy, N. Y. 


Non-Member 


While investigating the subject of belt efficiency the writer found a 
theory of the transmission of power by leather belting so different from 
the one generally accepted in the United States that the original pur- 
pose of the investigation became of secondary importance. It is 
not claimed that everything to be presented in this paper is new; in 
fact, many of the conclusions which will be drawn have already been 
brought before the Society. It is believed, however, that consider- 
able novelty will be found in many of the opinions cited. Since the 
accepted theory can be so easily found in reference books, no complete 
exposition will be attempted here. 

2 When a belt is stretched over a pair of pulleys at rest, the ten- 
sion in both strands is the same, and is due solely to the elasticity 
of the material. When the pulleys are set in motion and power is 
transmitted through the belt from one to the other, the tension in 
the tight side increases while the tension in the slack side decreases, 
their difference being the so-called ‘‘ effective pull,” which is a measure 
of the power transmitted. It is known, however, that the sum of the 
tensions does not remain constant. Since the belt is prevented from 
sliding on the pulley by virtue of the frictional resistance, a great 
deal of study has been given to the determination of the coefficient 
of friction. If 7; is the gross pull on the tight side, and 7, the gross 


pull on the slack side, we obtain the relation = e, where e 
2 

is the base of the natural system of logarithms, f is the coefficient of 

friction, and a is the circular measure of the smaller are of contact on 

the two pulleys. This assumes that f is a constant and that the ten- 

sion in the belt increases uniformly along the are of contact; it neglects 
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also the reduction of the effective tension due to centrifugal force. 
Since 7’, is limited by the strength of the belt, the effective pull can 
be increased only by decreasing 72. If the arc of contact a cannot be 
changed on account of the diameters or locations of pulleys, the only 
factor susceptible of variation is f, the coefficient of friction. Most 
of the familiar methods for increasing the pulling power of a belt 
depend on an increase, artificial or natural, in the coefficient. It is 
for this reason that in this country paper and wood pulleys are crowd- 
ing outironones. While f = 0.4 is frequently given for leather belts 
on cast-iron pulleys, f = 0.65 is claimed for paper pulleys. Quite 


a common assumption is that 78a 3. This brings f = 0.35 for 
2 


a = 180 deg., and f = 0.382 for a = 165 deg. Kent,! gives a table 
based on f = 0.40 and a = 180 deg., to which is added a table of cor- 
rections for other arcs of contact. Several designs for idlers have 
been developed, which are intended to increase the are of contact. 
Furthermore, the introduction of belting made of steel is a step in 
the direction of increasing 7;. The complete theory makes allow- 
ance for the centrifugal force of the belt by reducing the effective 


Total tension 


Reduction due to 
centrifugal 


Belt tension 


Belt speed 
Fig. 1 Repuction or Beir TENSION BY CENTRIFUGAL FORCE 
tension on both the tight and the loose sides. This counteracting 


component is 555" where w is the weight of a piece of belt 1 ft.long, 


and 1 in. wide, and »v is the belt speed in ft. per sec. The complete 


wv 
Ti 399 
expression is —_= e', according to which the net allowable 
wv? 
Ts — 399 


tens:on in the belt decreases as the square of the speed. Fig. 1 shows 
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i graphically the calculated reduction. So much for the present theory, 

from which the new theory now diverges. 

/ 3 In 1893, C. Otto Gehrekens' published a table of empirical con- | 
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stants derived from experience, giving the effective pull to be allowed 
in belts, in which the following noteworthy features are contained: 
the allowable effective pull increases with the speed; at constant speed i 
| 1 Zeitschrift des Vereines deutscher Ingenieure, 1893, p. 15. 
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the load increases with the diameter of the pulley. Fig. 2, which has 
been calculated from these constants and converted to English units 
is inserted to show their general tendency. The curve for a double 
belt on a 500-mm. (19.7-in.) pulley has been omitted for clearness. 
The tables and the curves show that a double belt should not be ex- 
pected to carry twice as much as a single belt. This agrees with our 
practice. 

4 The argument by which Mr. Gehrckens defends these constants 
is asfollows: The leather in the tight side of the belt tends to stretch 
because of the tension and to contract again when it passes over to the 
slack side. This successive expansion and contraction occurs in a 
slowly moving belt, but at high speeds the alternation of position is 
so rapid that there is not time for the belt to assume a strain cor- 
responding to the stress. As a result the condition of equilibrium 
is found to be a stretch corresponding to some value of tension less 
than the actual maximum. The stretch being the limiting condi- 
tion, the apparent tension in the tight side can be increased with the 
speed. Professor Bird! in his paper on Belt Creep also mentioned 
this feature of time lag. The larger constants for pulleys of large 
diameter are explained by the smaller bending stress caused by the 
curvature. By a series of over 1000 tests on belt transmission, 
Professor Kammerer? of Charlottenburg confirmed this theory com- 
pletely and Fig. 3 shows his recommendations. This curve is based 
on f = 0.5 and e™ = 3.5, from which we deduce that the effective 
pull is 0.7 of the available tension. It will be noted that even ata 
speed of 8000 ft. per min. the effective pull has not reached its maxi- 
mum, His research also included extensive measurements of the 
coefficient of friction and belt creep, a fuller account of which follows. 
A description at this point of the testing apparatus may make the 
discussion of his results clearer. 


5 Upon asteel girder base were mounted two heavy cast-iron frames: one, 
the measuring head, moved on 16 hardened steel balls in grooves so as to reduce 
friction as much as possible and to compel a movement always truly parallel; 
and the other, the straining head, rested on a planed surface and was moved by a 
pair of chains. It was realized that it would be impossible to balance the pul- 
leys perfectly and the frames were purposely made heavy in order to absorb 
and damp out the vibrations which were expected to occur at high speeds. 
Each belt-pulley shaft was mounted on two ball bearings to insure reduced 
and more constant friction and carried at each end the overhung armature of 


1 Trans. Am.Soc.M.E., vol. 26, p. 584. 
2? Mitteilungen iiber Forschungsarbeiten, Heft 56-57. 
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anelectric motor. By the use of the two motors the load onthe shaft was made 
symmetrical. This design of the equipment involves the minimum number 
of bearings with their uncertain friction, and avoids all couplings for trans- 
mitting the power. 

6 For measuring the belt pull two liquid-pressure dynamometers like those 
used by Lieutenant Emery were provided, together with a set of pressure 
gages of suitable ranges. A dynamometer was placed on each side of the pulley 
on the outer end of the measuring head. Scales and spring dynamometers 
were rejected because it was feared that the rapid variations of the belt pull 
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Fic.3 RECOMMENDED LOADs FOR SINGLE LEATHER BELT 


would make the readings unsteady. Belt creep was measured by revolution 
counters attached to the shaft, simultaneous starting and stopping being ac- 
complished by the use of electromagnets, The creep thus measured was the 
total for both pulleys. The electrical readings consisted of the input to one 
pair of machines used as motors and the output of the pair on the other shaft 
used as generators. 

7 The two motors on a shaft were run as a motor-generator set (with belt 
off the pulley) for the purpose of determining their efficiencies. The dynamo- 
meters were calibrated by a standardized tension bar from the Reichsanstalt. 
This bar was expensive and steel bands attached to the two carriages, loaded 
in the center and adjusted for constant deflection at the center, were substi- 
tuted. This method checked well with the other. 

8 The following pulleys were used: 2500 mm. (98.5 in.) in diameter and 400 
mm. (15.75 in.) wide; 1250 mm. (49.2 in.) in diameter and 600 mm. (23.6 in. 
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wide ; 600 mm. (23.6 in.) in diameter and 1000 mm. (39.4in.) wide. The dis- 
tance between centers of pulleys could be adjusted between the limits of 5000 
mm. (197 in.) and 7500 mm. (295in.). Both cast iron and wood were used for 
the 600-mm. pulleys; all the others were built up of structural steel. Two belts 
were used for most of the tests: a single belt 375 mm. (14.76) in. wide and 3 to 4 
mm. (0.12 to0.15in.) thick; and a double belt 400 mm. (15.75) in. wide and 7 to 
8 mm. (0.28 to 0.32 in.) thick. The single belt weighed 1.25 kg. per m. (0.84 lb. 
per ft.) and the double one 2.45 kg. per m. (1.65 lb. per ft.). Both were care- 
fully selected and tanned. The tests with an idler were conducted on a single 
belt 150 mm. (5.9 in.) wide, 5 mm. (0.2 in.) thick, weighing 0.69 kg. per m. 
(0.46 lb. per ft.). 

9 The modulus of elasticity of each complete belt was measured with the 
belt on the pulleys and running at alow speed. The tension was read on the 
dynamometers and the stretch was obtained from the displacement of the strain- 
ing head. Readings were taken at intervals of two minutes and after each 
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Tensile stress - kg. per eq. om 
Tensile stress - pounds per square inch 


0 
0 .008 .012 .016 .020 
Stretch referred to original length 


Fig. 4 Srress-Strain DiaGRaM FoR SINGLE LEATHER BELT 


reading the load was reduced to the initial value. The modulus of the single 
belt increased from 2500 kg. per sq. cm. (35,500 lb. per sq. in.) to 3520 kg. per 
sq. cm. (50,000 lb. per sq. in.), with an average value of 3000 kg. per sq. cm. 
(42,600 lb. per sq. in.) (See Fig.4). The double belt showed an average mo- 
dulus of elasticity of 2000 kg. per sq. cm. (28,500 lb. per sq. in.). Quite a 
perceptible permanent set was noticed. The average modulus of elasticity 
of the third belt was 1250 kg. per cm. (17,800 lb. per sq. in.). Professor Good- 
man! gives 8000 to 10,000 lb. per sq. in. for the modulus and Professor Bird? 
reports 12,000 to 30,000 lb. per sq. in. Hiscomment is that 2 increases with the 
tension when the belt is running and is probably larger the greater the speed. 
Belt speeds varied from 9.56 m. per sec. (1880 ft. per min.) to 60.35 m. per 
sec. (11,900 ft. per min.). The range of speeds and loads was limited by re- 
stricting the tension in the tight side to 30 kg. per sq. em. (420 lb. per sq. in.). 


1 Mechanics Applied to Engineering. 
? Trans. Am.Soc.M.E., vol. 26,'p. 584. 
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In the light of the knowledge gained from the tests, the future experiments 
will not be limited by the belt tension, but by a permanent stretch in the 
belt within 30 min., as indicated by the dynamometer. 


10 The following conclusions were drawn from the tests by 
P.of. Kammerer: 

a The effective pull on a belt is not reduced so much by cen- 
trifugal force as the currently accepted method of calcu- 
lation would lead one to expect. In other words, the 
maximum allowable tension in a belt apparently increases 
with the speed. 

b The coefficient of friction increases with the speed and 
reaches values far above that usually assumed. 


Initial tension 


Bearing pressure 


Belt speed 


Kia. 5 Errrect or CENTRIFUGAL Force on A Bett Loap 


c The maximum efficiency of transmission is not limited by 
the speed. 

d The coefficient of friction is larger for large pulleys than for 
smaller ones. 

e A wooden pulley has a higher coefficient of friction than an 
iron one, at least when new. 

f Transmission is more efficient and the coefficient of friction 
is higher when the smaller pulley drives. 

y <A belt operates with higher efficiency and usually with less 
creep when the tight side is on the bottom. 

h A properly placed idler improves the efficiency of transmis- 
sion. 

i The neutral layer is symmetrically located in the belt so 
that the effective diameter is the sum of the pulley diam- 
eter and the thickness of the belt. 

j At any speed the sum of initial tension and centrifugal 
force is constant. 


— 
f 
i 
AS 
6 
4 6 
Sy 
“» 
¢ 
| 
4 
x 
| 
| 
i 


2004 A NEW THEORY OF BELT DRIVING 


11 In connection with conclusion a, Fig. 5 is reproduced from Pro- 
fessor Kammerer’s report, which confirms the statement previously 
made. The second method of stating the fact permits of a simpler 
calculation of the effective pull. It was found that for a single belt 
a working tension of 5 kg. per cm. (28 lb. per in.) of width at standstill 
could be increased to 25 kg. per cm. (140 lb. per in.) of width at 40 
m. per sec. (7860 ft. per min.). (See Fig. 3). Fig. 6, which is a re- 
cord of measurements made on the same belt when not transmitting 
power, shows that the calculated belt pull agrees substantially with 


2 Observed bearing pressure-decreasing speed 1 G4 a 
= Observed bearing pressure-increasing speed 2 of 
faa) Calculated bearing pressure 3 


Pelt speed 


Fig. 6 Errect oF CENTRIFUGAL ForRCcE ON AN UNLOADED BELT 


the measurements. Professor Kammerer’s explanation of this phe- 
nomenon (unexpectedly low decrease in bearing pressure) has been 
sharply criticised by L. Benjamin,! who asserts that the reduced 
belt pull is due to the actual speed of the belt at the pulley being much 
higher than the average value. He claims that on account of the time 
lag between the tension and the stretch, the change in stretch result- 
ing from the change in tension as the belt goes around the pulley 
does not occur until after the belt has left the pulley. The combi- 
nation of the stretch and the translation of the belt causes a regular 


1 Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 655. 
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change in its velocity as it travels between the pulleys. This means 
that the velocity of the tight side as it passes on to the driving pulley 
is considerably above the average and since the speed is higher, the 
effective pull must be less. 

12 Alexander Fieber,! by means of a tachometer similar to the 
cut meter, measured the speed at various points along a rubber belt 
running at an average speed of 5.04 m. per sec. (990 ft. per min.) with 
a creep of 15 per cent, and an average speed of 5.245 m. per sec. (1030 
ft. per min.) with a creep of 5.5 per cent. 


1 T 1 
3 / / 
4+ Driver Driven +4 
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Belt speed-m. per sec. 


Fig. 7 VARIATION OF SPEED ALONG A BELT TRANSMITTING POWER 


L The belt was of best Para rubber, 3500 mm. (138 in.) long, 100 mm. (3.94 in.) 
wide, 6 mm. (0.236 in.) thick. The pulleys were 1700 mm. (67 in.) apart. 
The average speed was obtained by observing the motion of a chalk mark on 
the belt. Fig. 7 is a reproduction of these curves, and confirms Mr. Benjamin’s 
contention that the belt speed changes regularly between the pulleys. Profes- 
sor Kammerer repeated the measurements on a leather belt on pulleys running 
at 20 m. per sec. (3940 ft. per min.). It was a double belt 90 mm. (3.54 in.) 
wide, with the tight side on top. The initial tension was 17 kg. per em. (95 
lb. per in.), and the effective pull was 22 kg. per cm. (123 lb. per in.). Both 
pulleys were 2500 mm. (98.5 in.) in diameter and were 6300 mm. (248 in.) 
apart. To determine the speeds he used a wheel connected to a revolution 
counter, which was held at any point for 6 min. 


1 Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 1641. 
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Fig. 8* shows the measurements he reported. He found that the 
difference between the speeds of the tight and the loose sides of the 
belt was only 1.1 per cent, which is quite insufficient to account for 
the increased capacity observed. 

13 The coefficient of friction was calculated from the geometrical 
arc of contact and the tensions in the belt as deduced from the load 
and belt pull; this is necessarily an average value, as the formula as- 
sumes a regular increase of creep over the whole arc of contact. With 
ares of contact of 160 deg. to 175 deg., maximum values of 0.5 to 
0.8 were calculated. The value usually assumed, 0.28, should be 
compared with these, and also 0.35 which was obtained for 10 kg. per 
em. (56 lb. per in.) by reducing the load on a slipping belt until the 
motion stopped, the pulley being stationary. The high values of 


0.7%, 0.6% 


Load-14.7 H.P. per in. of width 
Speed-30 ft. per min. 


Driven Driver 


Percentages represent difference 
between belt and pulley speeds 


Fia. 8 VARIATION OF SPEED ALONG A BELT TRANSMITTING POWER 


f calculated under certain conditions led to the belief that the con- 
tinual creep of the belt on the pulley produced a partial vacuum be- 
tween them. Mr. Gehrekens! disagrees with this, however. The 
coefficient becomes very large when 7 approaches zero. Mr. Wil- 
fred Lewis has reported values well over 1. Mr. Gehrekens? says 
that at high speeds, say over 50 m. per sec. (9800 ft. per min.) the 
tension in the slack side can be not only zero, but negative, so that the 
slack side is not pulled along, but is hurled upon the driven pulley 
and shoots out over it, as actually happens. The well marked undu- 
lation in the slack side is probably started in this way which persists 
when once started, so that it appears as if the belt were running in the 
opposite direction from the pulley. For such a case a new formula 
would have to be developed. 


* Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 1642. 
1 Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 1443. 
? Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 1820. 
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14 Mr. Barth! gives an expression for f which involves the speed. 
Professor Kammerer’s curves apparently show that f increases with 
the speed. Another feature influencing the value of f is clearly shown 
in Fig. 7. This confirms the theory of Grashof that belt creep occurs 
only on part of the arc of contact, not on the whole of it. ‘The measure- 
ments show a part of the pulley circumference over which the belt 
speed is constant and equal to that of the pulley, while over the rest 
of the are of contact the speed changes rapidly. For the same 7; 
and T2, the are of creep is the same. When the belt is just on the 
point of slipping off, the are of creep becomes equal to the are of con- 
tact. KE. A. Brauer? calls attention to the same phenomenon and says 
it can easily be shown as a lecture-room experiment. Since different 
values for f, 0.4 and 0.35, were found for the belt stationary with re- 
spect to the pulley, and when slipping over it, the adoption of this 
assumption would give a still different set of values for f. 

15 The efficiency, which should be understood to include the 
losses in the belt only, was the same at 26.5 m. per sec. (5200 ft. per 
min.) as at half speed in a certain test. The value 0.98 was reached 
in each case, but naturally not at the same load. 

16 Comparisons of values of the coefficient of friction show that 
they range a little higher for large pulleys than for smaller ones. 

17 American tests confirm the superiority found for wood pulleys 
but Mr. Gehrekens warns us that belts do not last as long on wood 
pulleys as on iron. Paper pulleys show a higher coefficient of fric- 
tion than wood. 

18 Differences of over one per cent in efficiency and 0.05 to 0.15 
in f were found for the same pulleys and loads, when transmitting 
from low to high shaft speed or the reverse, the most economical 
transmission occurring with the higher speed shaft (and smaller 
pulley) as driver. 

19 American practice also calls for the tight side of the belt on 
the bottom, but the idler is usually not favored. Unquestionably 
the reverse bending of the belt does not tend to prolong its life, but 
in some cases the are of contact can be increased sufficiently so that 
the effect of the reduced initial tension may counterbalance the de- 
preciating tendency of the reverse bending. The idler used in 
the tests operated on the slack side of the belt and ‘was carried by a 
swinging frame which could be screwed down to produce the tension. 


' Trans.Am.Soc.M.E., vol. 31, p. 29. 
? Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 965. 
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20 The conclusion that the neutral layer of a belt issymmetrically 
located is generally accepted, although Professor Bach has given D 
+ 3S as the effective diameter of a driving pulley, and D + $8 
for a driven one (S = thickness of belt). 

21 In consequence of the elasticity of the belt, its length and de- 
flection between the pulleys is proportional to the stress which is a 
resultant of the weight of the belt, the initial tension, and the centri- 
fugal force. The last is, of course, constant for any given speed and 
causes only a tensile strain in the belt, similar to hoop tension. Now 
if weconstruct an expression for the length of the belt, allowing for 
its stretch, it will be found that the sum of the initial tension and 
the centrifugal force is constant, as shown by Professor Kammerer.! 
This means that as the speed increases, the initial tension is replaced 
by tension due to centrifugal force. As the centrifugal stress is ab- 
sorbed in the belt and produces no bearing pressure, the increase 
in speed causes a decrease in bearing pressure. 

22 Let us return to the efficiency of belt drives, which has been 
exhaustively discussed by Dr. K. Kobes? and by Dr. F. Niethammer,’ 
by whom the results of an elaborate method of testing are reported. 
The losses to be taken into account are due to the stiffness of the belt, 
creeping on the pulley, thickness of the belt, and friction against the 
air. 

23 Stiffness. Assume a belt of width b; (in.) and thickness S; 
(in.) running over a driving pulley D; (in.) in diameter at n; r.p.m., and 
a driven pulley Dy (in.) in diameter at ner.p.m. If the driving pulley 
delivers to the belt N; h.p. at a speed V; (ft. per min.) = 7 Dyn, 
the effective pull is P, (ib.) = 
loss due to stiffness was found by Grove‘ to be represented by an ex- 
pression which reduces in English units to 


S,\2 2 
A = 0.167 Eb, S ( ) 


where E is the modulus of elasticity of the leather. This must be 
reduced to the pulley rim as Dr. Kobes subtracts it directly from 


at the pulley rim. The 


1 Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 1820. 

2 Zeitschrift des Oesterreichischen Ingenieure und Architekten-Vereines, 
1908, Nos. 16, 47, 48. 

* Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 668. 

‘Einfache Maschinenteile, p. 263. 
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P,. The relative loss is 


AP, _ 
X 83,000 33,000 N, 
Vi 
AP, Vy AP.V, 


and the partial efficiency is 1 — = a, then 


33,000N, 33,000 


the efficiency is 1 — Now as long as £ and V, are constant, a is 


a 
Ni 
constant, so that the equation for efficiency is a rectangular hy- 
perbola, according to which the efficiency increases continually with 
the load. 

24 Creep and Thickness. Without creep the belt would have a 


uniform velocity throughout, and the speed of the driven pulley n,’ 

D,+8 
S 
sarily involves creep, which is proportional to the effective tension 
on the unit area of cross-section, and the effect of creep is a loss of 


velocity. If y is aconstant of proportionality, the ratio of creep to 


r.p.m. would be n’= The transmission of power neces- 


belt velocity is y aS _ and the actual speed of pulley 2 is 
1 
D,+8 ( 33,000 ) 


If we had also neglected the thickness of the belt, the speed of pulley 
D 
2 would have been n”” = ny D.° Since there is no loss of pull be- 
2 
tween pulleys the efficiency is the ratio of actual to theoretical 
speed, or 
Ne Ne Ne D, dD; S 33,000 
— = = 1 
Ne m°  D, De+S8S S; 
2 


= De dD, S V, b, S, 
Now if b = D,*D.+8 and ¢ = 33,000 y’ the partial efficiency 
= b( 1 = .) which is the equation of a straight line. The efficiency 


therefore deceases directly with the load. 
25 Air Resistance. According to Zahm,' the frictional resistance 


1 Phil. Mag., 1904, vol. 2, p. 58. 
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R (lb.) on one side of a plate 1 ft. wide, / ft. long, at a relative air ve- 
locity of v ft. per sec. is R = 0.00000778 1° y-5. Using 1 instead of 
/°%3 and taking e as the distance between centers of pulleys we have, 
for an open belt, a total resistance 


4 + e+ (6, +2 + 1.85 


\ 


R = 0.00000778 


which gives a loss in horsepower of 


0.00000778 


Na = (60)? 550 


| 4 (6, S:) +(b +2 | 


This contains only constant quantities when V; is constant and hence 
is independent of the load. When this loss is allowed for the total 
efficiency is obtained, the curve of which is an hyperbola. 

26 The output, being the product of the efficiency and the input, 
follows an equation which is that of a parabola. If N2 is the output 
in horsepower, 


The axis of the parabola is parallel to the output codrdinate and passes 
through the point of maximum output, which has the coérdinates 
2 

Me max, = — N,. The curves con- 
form quite closely in general features to motor curves. The same 
value of output corresponds to two values of input in most cases, and 
the maximum output occurs at a greater load than the maximum 
efficiency. The largest component of the losses is the creep, so that 
the maximum output of a belt would occur at a creep of nearly 50 
per cent. Therefore, the maximum output of a leather belt may be 
said to have no practical significance. 

27 The constant y which occurs in the expression for the creep 


max. = 


was found by test to be 11002 metric units or i 5,700" English units. 


According to Grashof, , = E so that tests show y twice as large as it 


should be. Possibly Grashof’s formula refers to the creep on one 
pulley, whereas Professor Kammerer’s measurements included both 
pulleys. Professor Bird gives an equation for creep of the form 


SELBY HAAR 2011 


 Vi-Ve 
P, 
b; 8) 


which is quite similar to the form used above. 
28 The writer does not agree with the assumption of a loss due 
to the thickness of the belt, because it is not clear to him how such 


TABLE 1 TEST RESULTS ON BELT EFFICIENCY 


DELIVERED TO Erriciency oF Errective Pout per Unit 
Bevt Loss 
BY Moror BELT Wipts* 

Watts H.p. Watts Kg. per Cm. Lb. per In. 
433 0.58 90 0.79 1.12 6.27 
1456 1.95 90 0 938 2.91 16.3 
2500 3.35 70 0.972 4.86 27.2 
3640 4.88 75 0.979 7.07 39.6 
4190 5.61 95 0.977 8.19 45.8 
4810 6.45 100 0.979 9.56 53.5 


*Belt speed at 1100 r.p.m. of generator, 17.3 m. per sec. (3400 ft. per min.) 


TABLE 2 TEST RESULTS ON EFFECTIVE PULL 


Errective 
Moror r.p.M., PERCENTABOVE _ 


GENERATOR R.P.M 


Kg. per Cm. Lb. per In. 
2 45 9.7 54.3 
1.73 8.0 44.8 
1.18 5.44 30.4 
0.91 2.9 16.2 
0.45 0.8 4.48 


a loss would be manifested, whether as heat or in some other way. 
There is an increase of effective pull at the face of the driven pulley 
to correspond to the decreased diameter as compared with the belt. 

29 Professor Niethammer’s tests, which have already been men- 
tioned, were carried out in the following manner: 


An electric motor was belted to a dynamo, both having pulleys of the same 
diameter, and an extended load test was run, the readings being taken with 
exceeding care. The pulleys were then removed, motor and dynamo were con- 
nected by a flexible coupling, and the tests were repeated, particular care being 
taken that the dynamo potential, current and speed were reproduced exactly 
as before. It was assumed then that the input to the dynamo was the same in 
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both tests. The motor was then disconnected and tested with a brake under 
proper conditions to determine its actual output in both the previous tests, the 
difference in motor output being taken as the loss in the belt. Two belts were 
used: one a single belt 30 mm. (1.18 in.) wide, 4.8 mm. (0.19 in.) thick; the other 
68 mm. (2.68 in.) wide, otherwise the same. The narrow belt was new. The 
pulleys were 300 mm. (11.8 in.) in diameter and were 1900 mm. (75 in.) on cen- 
ters. Table 1 has been prepared from figures given in the paper. 


Attention is called to the fact that the belt loss is nearly constant, 
to the rapid rise of efficiency and to the extended range of the high 
values. For the sake of completeness Table 2, comprising the creep 
curve on both pulleys, has been included. This curve does not pass 
through the origin. Professor Kammerer reports an efficiency of 
over 0.98 for a speed of 13 m. per sec. (2560 ft. per min.) and an effec- 
tive pull of about 5 kg. per cm. (28 lb. per in.), while the method 
developed above gives 97.3 per cent at 7.07 kg. per cm. effective pull. 
This calculation is given in Appendix No. 1. 

30 It should be noted that no allowance is made for the increase 
in bearing friction due to the belt pull or to the weight of the brake. 


80 Ib. ‘| 
38% lb. 46% Ib. 


Fig. 9 Loaps anp Brarina)Reactions 10 Weiau7s 


That this increased friction may not be inconsiderable will beshown 
by the following example. Assume a 5-h.p. motor running at 1100 
r.p.m. with an armature weight and bearing spacing as shown in 
Fig.9. Let the pulley weight be taken as 5 lb. The load on the right- 
hand bearing is 463 lb. and on the left-hand one 38$1b. With a co- 
efficient of friction of 0.02 and a bearing diameter of 13 in., the bearing 
friction is approximately 16 watts. At a belt speed of 3400 ft. per 
min. the effective pull for 5 h.p. is 48.5lb. The total belt pull may be 
taken as twice this, or 97 lb. The bearing reactions are 1294 lb. for 
the right-hand side, and minus 323 for the left-hand side, as shown in 
Fig. 10. These latter loads are horizontal, while the weights act 
vertically; therefore they must be combined vectorially. The resul- 
tant bearing loads are 137} lb. and 50 lb. for the right and left- 
hand bearings respectively. ¥ If the coefficient of friction is 0.015, the 
friction loss is approximately 27 watts, an increase of 11 watts,which 
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occurs in both motor and generator, so that the total increase is 22 
watts, which should be noticeable in a loss of 75 to 100 watts. 

31 Conclusion. As a result of the modern experimental work on 
power transmission by leather belting, a great deal of light has been 
shed on the subject and the methods of treating it must be revised. 
It appears proved that the maximum allowable tension in a belt is 
not constant and neither is the belt velocity, even though the pulleys 
revolve at constant speed. The efficiency of a belt is shown to be 
quite high, just as high as a good gear transmission, the overall effi- 
ciency of the belt transmission being considerably reduced by larger 
bearing friction losses. This shows that the improvements should 
come in the bearings, as by the use of ball or roller bearings, for ex- 
ample. The exceptional flexibility of a belt transmission has made it 


32% Ib. 97 Ib. 
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a favorite for many difficult problems. We shall close with the fol- 
lowing remarkable—and, we are afraid, over-enthusiastic—prophecy 
of Mr. Gehrckens:' 


Sixty m. per sec. (11,900 ft. per min.) is no limit to belt speeds at present. Belt 
pulleys have run at 500_m. ‘per sec. (98,000 ft. per min.). Brown, Boveri and 
Company have reached 375 m. ‘per sec. (74,000 ft. per min.); the Schuckert 
Company run flywheels at 100 m. per sec. (19,600 ft. per min.), (and so do 
American manufacturers).? Air resistance is an important feature at such 
speeds. When air is excluded the resistance decreases to one-half, and ina 
vacuum it is almost nothing. * * * Weare by no means close to the limit 
of belt speeds, and the capacity of the belt does not commence to increase until 
high speeds are reached. Steam turbine speeds are so high that some reducing 
device must be provided and for this purpose the belt is the simplest and most 
practical connecting link. With transmissions at such high speeds the con- 
struction must be painstaking and the crowning of the pulley isan important 
feature. 


1 Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 1444. 
2 Parenthetical expression is Mr. Haar’s own comment. 
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APPENDIX NO. 1 
CALCULATION OF BELT EFFICIENCY 


32 Example. A motor delivers 4.88 h.p. to a belt 1.18 in. wide, 0.189 in. 
thick, running 3450 ft. per min. over pulleys 11.8 in. in diameter and 75 in. apart. 
The driven pulley makes 1100 r.p.m. What is the efficiency? 


0.189 \2 
AP, = 0.167 X 31,300 1.18 0.189 x ( = 0.595 lb. 


11.8 
0.595 X 3450 
= 0.0621 h.p. 
33,000 P 
b= 
3450 X 1.18 X 0.189 
x = 366 h.p. 
33,000 X 15 700 
0.00000778 [4 (1.18 + 0.189) 1.18 + 0.378 
(60)? X 12 +( 12 ) 


11.8 + 11.8 
+ 11-8) 7 | (3450)2-88 = 0.00476 h.p. 
12 2 
0.0621 0.00476 \ (4.88) 
(output) (: + 88 (0 0621 + ) 
0.0621  0.0621+0.00476 4.88 
Effi — = 0,973 


The loss is about equally divided between creep and stiffness, the air fric- 
tion being negligible. 


APPENDIX NO, 2 
REFERENCES 


Barth, C. G. Trans. Am.Soc.M.E., Vol. 31, p. 29. 

Benjamin, L. Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 655. 

Bird, W. W. Trans. Am.Soc.M.E., Vol. 26, p. 584. 

Brauer, E. A. Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 965. 

Fieber, A. Zeitschrift des Vereines deutscher Ingenieure, 1909, p. 1641. 

Gehrckens, C. O. Zeitschrift des Vereines deutscher Ingenieure, 1893, p. 15; 
1908, pp. 1443, 1820. 

Goodman. Mechanics Applied to Engineering. 

Hennig, R. Zeitschrift des Vereines deutscher Ingenieure, 1908, p. 1819. 

Kammerer. Mitteilungen tiber Forschungsarbeiten, Heft 56 and 57. 
Zeitschrift des Vereines deutscher Ingenieure, Abstract report, 
1907, p. 1085; Discussion, 1908 and 1909, several places. 

Kobes, K. Zeitschrift des Oesterreichischen Ingenieure und Architekten- 
Vereines, 1908, Nos. 16, 47, 48. 
Revue de Mecanique, June 1909. 

Niethammer, F. and Czepek, R. Zeitschrift des Vereines deutcher Ingeni- 
eure, 1908, p. 668. 


: 
. 
i 
i 
a 
# 


NOTES ON THE VALUE OF NAPIER’S COEFFI- 
CIENT WITH SUPERHEATED STEAM 


By Isaac Harter, Jr., Bayonne, N. J. 


Associate Member of the Society 


Owing to the fact that there do not appear to be any data on the 
value of Napier’s coefficient with superheated steam, the writer is 
led to submit the results of some incidental observations made during 
the past year in connection with a series of tests run for a quite differ- 
ent purpose. The values recorded are for superheats between 45 and 
195 deg. fahr., but unfortunately the entire series is confined to a 
quite narrow range of pressures, viz., between 138 and 148 lb. above 
the atmosphere. 

2 The boiler used in these tests was fired with a chain-grate stoker 
and was fitted with a superheater of a special type, designed so as 
to conveniently secure various amounts of heating surface with practi- 
cally constant superheat for each arrangement at a given boiler capac- 
ity. Each test was of five hours duration, preceded by a preliminary 
run of from four to five hours. depending upon the time necessary 
to bring the various observations to a constant state. A special feed 
line was used, the main feed being blocked by two valves with an 
open drain between. The boiler blow-off outlet was visible, and 
special care was taken to inspect all parts of the boiler before and 
after each test to make sure that there was no leakage. The water 
used was measured in two tanks, the contents of which could be read 
at any level within an error of 0.2 of 1 per cent. The feed water was 
regulated by a man stationed at the waterglass to within 3 in. of a 
fixed height at all times and the water level was brought exactly to 
this fixed point at the close of each hour to secure hourly readings. a 
An error of } in. in water level at the close of any of these tests would - Be | ; 
have caused an error of 0.37 of 1 per cent, and considering the care 
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taken, the probable error for any test was less than this amount. That 
the errors of observation were small is shown by the regularity with 
which{the plotted results compare with an average curve drawn 
through them. 

3 The diaphragm containing the orifice was placed at a short dis- 
tance beyond the superheated outlet, and immediately below the dia- 
phragm was placed a thermometer well and a connection for a pres- 
sure gage. The thermometer used at this point had a scale corrected 
for stem radiation. The pressure gage was furnished with a scale 
specially calibrated, and was in addition checked by means of inter- 
change with other similar gages at other points on the boiler and by 
difference readings taken from time to time during the running of 
each test. The gages were also tested with a dead-weight apparatus 
a number of times during the series of tests. 

4 The outlet beyond the diaphragm consisted of a fixed length of 
piping. Pressure readings taken just beyond the diaphragm showed 
3 lb. above the atmosphere, an amount entirely negligible with respect 
to pressures on the high side of the diaphragm, so far as its effect in 
altering the weight of steam discharged is concerned. 

5 The same orifice was used in all the tests. It was formed in a 
3-in. plate with edges rounded to a }-in. radius, the contracted 
diameter being 1.200 in. In figuring results, no correction was made 
for expansion due to the temperature of the diaphragm, owing to the 
smallness of the error arising from this source. 

6 The amount of steam for any one test did not vary more than 
5 per cent from the average amount of all the tests. 

7 The results of these tests are plotted in Fig. 1, in which curve 
No. 1 shows the Napier coefficient corresponding to each set of the 
readings obtained in the various tests. Calibration tests of the orifice 
for saturated steam show a coefficient of about 72.3, the difference 
between this value and the ordinary figure of 70 being no doubt due 
to the form of the orifice. Taking the probable water error at 0.2 
per cent, the pressure error at 0.4 per cent and the orifice error 0.1 
per cent, it will be noted that the total error approximately accounts 
for the discrepancy in those tests that lie furthest from the average 
curve. 

8 The formula for determining Napier’s coefficient as plotted in 
curve No. 1. is 
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where C, = Napier’s coefficient 
p = the various test pressures in lb. per sq. in. abs. 
W = the weight of steam flowing per sec. in lb. 
a = the area of the orifice in sq. in. 


9 Incurve No. 2, the cu. ft. of steam discharged per sec. is shown 
for different amounts of superheat, the results being reduced to the 
basis of the average pressure which existed in the tests in order to 
make the volume discharged depend on the temperature only. 

10 Writing instead of p, p; (159.7) an arbitrary constant pressure 
approximating the mean pressure of the various tests, and multiply- 
ing by Vi, the specific volume of the steam at the various superheats, 
we have 


7 


where W, V; represents the volume of steam in cu. ft. per sec. which 
flows through the orifice for the various tests, on the assumption that 
the pressure was constant for all the tests. These values are plotted 
and form the bases of curve No. 2. 

11 To solve [2] we employ the usual equation for specific volume 
of superheated steam, which, on substituting certain known values, 
becomes 


93.011 T —1097P 


where P = 23,040 Ib. sq. in. abs. pressure, the approximate average 
for the tests and 7’ = 824.1, the corresponding absolute temperature. 
A subsidiary formula used in arriving at the formula for V; is 


k-1 _ (C,—h)p 
k 


In this formula C, is taken at 0.525, this being the mean value most 
nearly approximating the temperature-pressure conditionsof the vari- 
ous tests. The value of h employed is that given in Professor Heck’s 
paper on the Thermal Properties of Superheated Steam.! "The value 


4 employed corresponds to the pressure and temperature as given 


1 Trans. Am. Soc. M. E., vol. 30, p. 292. 
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above and equals 1.9943. The pressure is of course a linear factor in 
Napier’s coefficient with saturated steam, and even though it is not 
so with superheated steam, the results are interesting as indicating 
how far from constant the coefficient is for superheated steam for 
the given pressure. 

12 Dividing the value given in curve No. 2 by the specific volume 
Vi corresponding to the observed temperature, and the constant 
pressure p; (159.7), we have the weight of W, discharged, assuming 
that the initial pressure remains constant and equal to p;. These 
values are plotted and form the bases of curve No. 3, the weight of W; 
being determined by means of the equation 


13. No quantitative results can be obtained from these data to 
show the effect of superheat on flow of steam in piping, but in general 
they seem to indicate the necessity of investigation and probable 
revision of the assumption frequently made that substantially smaller 
pipe sizes can be used for the transfer of a given amount of energy 
with a given pressure drop. 


= 
: 
WwW ms : 
} 
q 
j 
ee « 


| 


COMBUSTION AND BOILER EFFICIENCY 


THE IMPORTANCE OF CARBON DIOXIDE AS AN INDEX TO COM. 
BUSTION AND, IN CONNECTION WITH FLUE-GAS 
TEMPERATURE, TO BOILER EFFICIENCY 


By Epw. A. Urauina, Passaic, N. J. 


Member of the Society 


It is now fully recognized by all progressive and observing engi- 
neers and managers of power houses that there is more room for econ- 
omy in the boiler house than in any other part of the plant. It is 
therefore not due so much to lack of recognition of the fact that there 
is still from 5% to 25% of the available energy of the coal needlessly 
wasted that this waste continues to an appalling degree, as to the 
inherent difficulty in regulating combustion so that the loss may be 
reduced to a minimum. 

2 A steam engine correctly designed, properly constructed, 
accurately adjusted and adapted to the work to be performed will 
give maximum economy. The attendant can do little or nothing 
either to increase or to decrease its efficiency. This is true also, 
and perhaps even to a greater degree, of the steam turbine and the 
dynamo. Certain definitely fixed and automatic adjustments hav- 
ing been found to give maximum economy, the efficiency will con- 
tinue so long as these adjustments are maintained. An occasional 
economy test is all that is required to maintain maximum efficiency. 

3 The efficiency of the steam generator depends on far more 
complex conditions, many of which are not only beyond control 
but are continually changing. Some of them are: First, atmospheric 
conditions; i.e., the barometric pressure, humidity of the atmo- 
sphere, direction and velocity of the wind, all of which affect com- 
bustion. Second, the quality of the fuel, which at best is never quite 
uniform, even when similar in kind, and often varies greatly in its con- 
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tent of moisture, fixed carbon, volatile combustible matter, oxygen, 
ash, etc.; also its physical condition, unless specially prepared, may 
and often does vary from large lumps to fine powder. Third, the con- 
dition of the boiler as to setting, dirty heating surface, air infiltration, 
draft, etc. The grates become choked with slate and clinker, obstruct- 
ing the air passage and causing irregular flow, resulting in a deficiency 
in one place and an excess in another. Every one of these variables 
affects the efficiency of the boiler furnace. Fourth, the required out- 
put, which varies in some plants between very wide limits, not 
infrequently from 50% overload to 50% below normal capacity in 
short intervals of time. 

4 From the foregoing it becomes quite evident that steam- 
boiler economy is a complex problem, and no matter how well a 
boiler may be designed and how perfectly constructed, it cannot be 
permanently adjusted to operate with maximum efficiency under 
the varying conditions which obtain, even under the most favorable 
circumstances. Permanent adjustments of a steam boiler cannot 
be made, as in a steam engine, to obtain maximum efficiency. 

5 The heat energy carried off by the flue gas in general boiler- 
room practice is rarely as low as 15% and not infrequently reaches 
40% of the calorific value of the fuel burned under the boiler. 

6 This loss is made up of two distinct factors, the sensible heat of 
the flue gas and the potential heat of the combustible constitutents 
it contains. The former varies directly as the stack temperature 
and inversely as the percentage of CO.. The latter is independent 
of the stack temperature, but for any given percentage of com- 
bustible constitutents in the flue gas the loss also varies inversely 
as the percentage of COs. %The only heat loss that is independent 
of the percentage of CO. ‘in the flue gas is that due to the mois- 
ture contained in the fuel, but it is dependent on the stack tempera- 
ture. The percentage of CO, and the stack temperature are, there- 
fore, the two controlling factors. 

7 For any given boiler and setting driven at a given rate the tem- 
perature of the flue gas depends on the condition of the heating sur- 
face and on the amount of air infiltration. When the heating sur- 
face becomes dirty, either inside or outside, or both, the stack tem- 
perature will be correspondingly higher, other conditions being the 
same. Air infiltration lowers the stack temperature in proportion 
to its ratio to the actual products of combustion. We have, there- 
fore, two conflicting conditions that influence the stack temperature. 
Because of dirty heating surface, it should be above normal, but air 
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infiltration may actually bring it below normal, so that the stack 
temperature alone cannot be depended upon as an index toeither 
economical or wasteful operation, especially since it gives no clue to 
the efficiency of the furnace. 

8 When excessive air infiltration takes place, it becomes manifest 
at once by an abnormally low percentage of CO., so that a knowl- 
edge of the latter is necessary to understand the true significance of the 
former. Hence, it is evident that to produce maximum economy, 
or even good average results, some means should be provided to 
indicate to the attendant continuously what his fires are doing. 

9 Provided the boiler is properly designed and set and is otherwise 
in proper condition, i.e., clean inside and out, its economy depends 
entirely on the regulation of the furnace. This again depends upon 
the regularity of fuel and air supply in the correct proportion and 
through the proper channels. Since the composition of the products 
of combustion gives immediate evidence of the furnace operation, 
it follows that in the analysis of the flue gases lies the key to the 
attainment of maximum efficiency, and the most progressive engineers 
and managers of power plants have employed gas analysis in a more 
or less thorough manner as a means for obtaining increased boiler. 
house economy. 

10 Since the excess of oxygen is necessary for complete com- 
bustion, it is held by some combustion experts that O is a better 
index to the efficiency of combustion and boiler economy than 
COr. 

11 A study of the classified tables of analyses given in Appendix 
No. 1, and more especially a study of the diagrams (Figs. 1 to 4) 
plotted from these analyses, may lead to the conclusion that the 
percentage of O might answer as well as the percentage of COs, but 
hardly better. When we consider that CO, is very much more readily 
determined than O, and that there are a number of practicable 
instruments on the market that will autographically record the per- 
centage of CO, in the flue gas at short intervals, one of which will 
make a continuous record and at the same time indicate the percent- 
age of CO, at the boiler front, there can be little room for doubt as 
to which of the constituents is the better adapted to serve as the 
index of economical combustion. 

12 It may be questioned whether a knowledge of the percentage 
of CO, is sufficient for economical firing. Is it not necessary to know 
the percentage of oxygen (O), carbon monoxide (CO), hydrogen (H) 
and hydrocarbons (C,H,) as well? 
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13 For scientific tests and investigations, complete analyses of 
the products of combustion should always be made, and if in addition 
a heat balance is to be made, it is necessary to determine the weight 
of the coal, the volume or weight of the water, the qualtiy of thesteam 
as to entrained moisture and superheat, and the weight of ash and 
the unconsumed carbon it contains. It is evident that such tests 
can only be carried on by an expert with the necessary scientific 
apparatus and the help of competent assistants. They are, there- 
fore, not available for every-day practice. Occasional tests are 
undoubtedly of great value, especially for the purpose of determining 
the most economical percentage of CO- for the kind of fuel used and 
the conditions prevailing, but what is needed is a continuously avail- 
able index. For such index the choice can lie only between CO: 
and O and, for reasons already given, CO, is much to be preferred. 

14 The tables of analyses and the graphic illlustrations show 
conclusively that under normal conditions of combustion there is a 
very definite relation between the percentage of COz and O contained 
in the flue gas. The percentage of O falls almost exactly in the same 
ratio as CO, goes up and vice versa. The analyses also show con- 
clusively that there is no relation between either O or CO, and CO. 
High O and low CO, is no guarantee that CO may not be present, 
nor does it follow that high CO, and low O means incomplete com- 
bustion. All that we can discern with certainty is that there is a 
tendency toward higher CO as the percentage of CO. goes up. This 
tendency increases very moderately at the lower range of CO, but 
more and more rapidly as the maximum percentage of CO: is reached. 
Since the ratio of carbon burned to CO to that burned to CO, equals 

P+ P, 
monoxide for the same percentage of CO varies inversely as the per- 
centage of COn, e.g., 1% of CO in flue gas containing 5% of CO, causes 
as great a loss as 3% CO associated with 15% of COs. The same 
holds true of the loss due to all the combustion products with the 
exception of the moisture contained in the fuel. The general con- 
clusion that the chimney heat loss varies inversely as the percentage 
of the CO, in flue gas seems, therefore, warranted. Modifying 
influences are considered in Pars. 22 to 26. 

15 The tables in Appendix No. 1 constitute 1130 flue-gas analyses 
from various sources, representing many kinds of fuel and furnace 
conditions. These analyses were classified in Tables 1, 3, 5, 7 and 
9 with reference to the percentage of CO, and in Tables 2, 4, 6, 8 


(see Par. 51), it follows that the loss (L,) due to carbon 
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and 10 with reference to the percentage of O. For the benefit of 
those who kindly furnished a large number of these analyses, they 
were further classified according to source and some of these again 
with reference to totals obtained by adding together the three oxygen 
components, viz., CO., O and CO. 

16 The right-hand column of each table gives the total of the 
components determined and it will be noticed that these totals vary 
considerably. In the Government analyses (Tables 1 and 2) they 
vary from 16.7% to 20.8%, i.e., fully 4.1% of the total gas or 20% 
from one another. There is, however, only one instance below 17% 
and only four below 18%, 20 between 18°% and 19%, 287 between 
19% and 20%, and 277 between 20% and 20.8%, which is the highest 
total found. 

17 The sum of the percentages of CO., O and CO contained in 
flue gas varies with the excess of air, the degree of completeness of 
combustion, the composition of the fuel and the temperature at 
which the gas is analyzed. When combustion is complete and the 
fuel consists of carbon only, the sum of CO, and O cannot exceed the 
percentage of oxygen in the air, viz: 21°) (see Par. 47). It will 
always be less than this, because the gas is saturated with moisture, 
which in general gas analyses is reckoned with the nitrogen. This 
introduces a possible difference of 1.30% due to the differences in the 
moisture content of the gas between 62 deg. and 92 deg., a range of 
30 deg. 

18 Incomplete Combustion. When carbon is burned to CO every 
molecule of O2 combines with two atoms of carbon and forms two 
molecules of CO. The gas may, therefore, contain 34.7% of CO as a 
maximum. Therefore, if combustion is incomplete and CO is 
present, the sum of CO.+0O.+CO in dry gas may be greater than 
34.7— 


21% by an amount equal to = x CO = 0.4 CO, so that in this 


case the sum of the oxygen components in saturated gas would be 


21+ 04CO — . Since the percentage of CO in normal 


flue gas reaches 1% only in exceptional cases and the reduction due 
to moisture is not likely to be less than 1%, flue-gas analyses in 
which the sum of the oxygen components exceeds 21% must be looked 
on with suspicion. 

19 In burning fuel containing any considerable quantity of hy- 
drogen the sum of CO.+02+CO will always be less than 21% in 
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normal flue gas, because all the oxygen which combines with the H, 
forms water vapor, which is condensed, while the nitrogen remains 
as a diluent. Carbon and hydrogen require respectively 152 and 
457 cu. ft. of air for complete combustion (see Par. 47 and 55). 
The products of combustion are composed of 31.92 cu. ft. of CO. 
and 120.08 cu. ft. of nitrogen for carbon and 361 cu. ft. of nitrogen 
for hydrogen. When burning fuel containing a high ratio of avail- 
able hydrogen to carbon, Illinois bituminous coal for example, in 


which Z = 0.06, assuming complete combustion with the theoreti- 


cally required volume of air, then — = = 18.4% is the 


152+(361 X 0.06) 


maximum CO, obtainable from this coal. If the above coal is burned 
with 50% excess of air, again assuming complete combustion, the 


flue gas would be composed of coed Sa 12.25% COz and 
228 + 32.5 

mee 7% O, or a total of 19.25%. Now if we assume 

228 + 32.5 


the gas to contain 0.5% CO, the sum of CO.+0.+CO = 12.25 
+7+0.4X0.5=19.45%. If the gas were analyzed at a tempera- 
ture of 92 deg. the result would be 9.6% less than the above, due 
to moisture in the gas. The analytical result would therefore be 
17.58%. 

20 This is an extreme case, but it shows that large variations may 
legitimately occur in the sum of the oxygen components contained in 
combustion products. It also shows that the temperature at which 
gas analyses are made should be taken into consideration. It brings 
out the further fact that the maximum percentage of CO, that may 
be contained in flue gas decreases as the ratio of carbon to hydogen 
in the coal increases, from which it becomes evident that the most 
economical percentage of CO, must vary with the kind of fuel. It 
will be several per cent higher with anthracite than with bituminous 
coal, and varies in the latter with the ratio of carbon to available 
hydrogen. 

f 21 The highest practicable furnace efficiency obtains when the 
greatest possible part of the potential energy contained in the coal 
is converted into sensible heat by combustion. The highest boiler 
efficiency results when a minimum of this heat is carried off by the 
flue gas. The former is realized when combustion is complete, the 
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latter when the weight and temperature of the flue gas are a mini- 
mum. Since the weight of flue gas decreases as the percentage of CO» 
increases, high boiler efficiency requires high COs. 

22 On the other hand, when the furnace is run so as to produce a 
maximum percentage of CO, there is danger of reducing its efficiency 
because of incomplete combustion due to a minimum of free oxygen. 
It would seem, therefore, that the highest combined efficiency of 
boiler and furnace would be obtained when the gain due to reduced 
weight of flue gas, i.e., due to an increased percentage of CO, is balanced 
by the loss due to incomplete combustion. 

23 The most economical percentage of CO. varies theoretically 


C 
it is influenced by many modifying conditions. In every case, how- 
ever, there is a percentage of CO, which gives best results. Its value 
as an index, therefore, is not dependent on the kind of fuel used or 
the local conditions existing. 

24 Next to careless or unskillful firing, air infiltration causes the 
greatest loss in the flue gas. Unless especially provided against, it 
is rarely less than 15 to 20°% of the volume of the flue gas and not 
infrequently reaches 50% and over when cracks in the settings are 
allowed to exist and warped and badly fitting cleaning doors are 
tolerated. Professor Breckenridge, in his discussion of the boiler 
tests carried on by the Government under his direction at St. Louis, 
estimates the air infiltration at from 25 to 30°7, and it would be pre- 
sumptuous to assume that the boilers used for these tests were not 
in at least as good condition as those in the average power plant. 

25 Comparing Tables 1 and 2 with Tables 5 and 6 it will be noticed 
that the percentage of COs is much lower in the former than in the 
latter set of analyses and, what is even more striking, that CO occurs 
with greater frequency and in larger amount in the Government tests 
than in those represented in Tables 5 and 6. It would seem proper 
to infer that this is due, largely at least, to much greater air infiltra- 
tion in the former case than in the latter and that at least 20% 
should be added to the CO, and CO, and subtracted from the O in 
order to represent correctly the composition of the combustion pro- 
ducts formed in the furnace. From Tables 5 and 6 it is apparent 
that a high percentage of CO: is possible without undue loss of com- 
bustible in the flue gas. 

26 Tables 7Pand 8 are peculiar in that the sum of the oxygen 
components is below 19°>. Compared with Tables 5 and 6 oxygen 


with the ratio of available hydrogen to carbon ( Hy ),but in practice 
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is low, and the CO is rarely absent and comparatively very high. 
Unfortunately there are no data upon which to base an explanation. 
It is probable, however, the analyses in Tables 7 and 8 weremade at 
a higher temperature than those in Tables 1, 2, 3 and 4. It is also 
possible that the oxygen may not have been fully absorbed, but this 
is mere conjecture. The high percentage of CO, even in connection 
with a comparatively moderate percentage of COs, points to injudi- 
cious firing. There are good reasons, however, to suspect that there 
is something wrong with these analyses and part of those in Tables 
9 and 10. These reasons are given in Par. 32. 

27 Tables 3 and 4 show a set of analyses which were obtained 
from tests of a locomotive under widely varying conditions of forced 
draft, which ranged from 0.59 in. to 11.8 in. of water, the correspond- 
ing rates of driving varying from 19.2 lb. to 114.6 lb. of coal burned per 
sq. ft. of grate surface per hr. The analyses are unique, because of 
the facts just mentioned and because conditions absolutely preclude 
air infiltration. The oxygen components in this set of analyses vary 
less than 1°}, which is as it should be, the coal used being similar in 
kinds in all the tests. The comparatively low and uniform per- 
centage of CO is remarkable considering the extreme variation in the 
rate of driving. 

28 The lowest percentage of CO in these tests occurs with an 
excess of 6.92% O and the highest 0.3 % CO with an excess of 6.74% 
O. The average excess of O in the upper seven analyses is 7.5% in 
the lower seven analyses it is 6.1%, a difference of 1.4°%, yet the 
average percentage of CO is almostly the same, viz., 0.17%. The 
respective average percentages of COs: are 11.33 and 12.91, a difference 
of 1.58%. This corroborates the statement previously made that 
within moderate limits the percentage of CO does not vary either 
with the percentage of O or with the percentage of CO, contained 
in the flue gas. So far as these analyses indicate, it is also independ- 
ent of the rate of driving. 

29 Tables 5 and 6 are peculiar in that they contain no analysis 
in which the sum of the oxygen component is less than 19%. This 
set of analyses is remarkable because CO was found in only ten of 
the 167 six-hour samples represented, and only two of these con- 
tained as high as 0.4% of this constituent, accompanied respectively 
by 9.9% of CO, and 8.9% of O, and 12% of COs and 6.6% of O. 
It is not until the CO, exceeds 10°% and the O falls below 6% that CO 
appears with some frequency. Taking the last seven analyses of 
Table 6 we find an average of 13.40% CO. and 0.1% CO. 
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30 We have shown in Par. 19 that when burning coal in 


which o = 0.06 with 50% excess of air the flue gas should contain 
12.25% CO. and 7% O. It would, therefore, seem reasonable to 


conclude that when burning coal in which the ratio = does not exceed 


0.05, if the CO exceeds 0.2% or at most 0.3% ‘in flue gas containing 
12% to 14% of CO. and 7% to 5% of O there is something wrong 
with the method of firing, the furnace, the construction, the setting 
or all of them. 

31 In Pars. 17 to 20 an attempt is made to show why the 
sum of the oxygen components contained in flue gas does vary and 
to what extent it may vary legitimately. It was shown that a con- 
siderable variation may be due to a variation in the temperature at 
which the gas is analyzed, that the presence of CO augments the sum 
of the oxygen components by 0.4 of its value, and that the presence 
of H, in the fuel reduces this sum very materially. It follows, then, 
that for similar fuel the higher percentage of CO should coincide 
with the higher sum of the oxygen components. 

32 In the tables the analyses in which the sum of the oxygen com- 
ponents is less than 19°% are marked with a star, and all those in 
which the CO exceeds 0.3% are marked with a cross. Examining 
Table 1, we find that 69 out of the 609 analyses show CO above 
0.3%, and in only five of these is the sum of the oxygen components 
less than 19%. In Table 9 we find that in a total of 126 samples, 36 
contain over 0.3% of CO, every one of which occurs with oxygen com- 
ponents summing up to less than 199%. Table 7 shows the same dis- 
crepancy. Out of the 224 analyses there tabulated, 67 show CO 
above 0.4%, for all of which the oxygen components are below the 
average. So far as we know, the coal burned did not vary greatly, 
certainly not nearly so much as in the Government tests. We feel 
justified, therefore, in doubting the correctness of the analyses given 
in Tables 7 and 8 and no weight should be attached to them in draw- 
ing conclusions. We think it none the less proper to include them in 
this paper with our reason for doubting their correctness. 


DIAGRAMATIC REPRESENTATION OF ANALYSES 


33 The averages varying by 0.1% of Tables 1, 2, 3 and 4 are 
plotted in Fig. 1, those of Tables 5 and 6 in Fig. 2, and those of 


a 
: 
nde 
f 
2 
| 
3 
a 
' 
’ 
4 
4 


4 


2032 COMBUSTION AND BOILER EFFICIENCY 


Tables 7 and 8 ,and 9 and 10 respectively in Figs. 3 and 4. The 
straight lines represent the theoretical amounts of CO, and O which 
the combustion products would contain if pure carbon were burned 
with pure air. The analyses were plotted with regard to the per- 
centage of CO. and O respectively. The CO: was placed in its proper 
position on the theoretical CO, line for the percentages of CO. and 
then the accompanying percentages of O and CO were plotted on 
the same ordinate in the position called for by their value. In the 
same manner the O was placed on the theoretical oxygen line and the 
CO, and CO were plotted according to their values on the same ordin- 
ate. To show the values of CO more clearly, they are multiplied 
by five. 

34 Fig. 1 shows that the percentage of O diminishes as the CO, 
increases, and vice versa, the percentage of CO. increases as the 
O becomes less. It will be noted that both the O and CQ, lines 
converge toward the theoretical line as the CO, diminishes, which is 
as it should be if the analyses are correct, because when the CO, is 
zero, the percent of O must be that of the air, viz.,219>. The amount 
of divergence from the theoretical line towards zero O depends 


on the value of os in the fuel. 


35 Considering the great variety of fuels represented by the Govy- 
ernment analyses it is remarkable with what uniformity the CO, and 
O vary in accordance with what should be expected from theoretical 
considerations. This becomes even more remarkable when we 
observe how harmoniously the analyses of Tables 3 and 4 (repre- 
sented by the somewhat heavier lines) fit in with those of Tables 1 
and 2, especially when we consider that the latter were derived from 
entirely different test conditions. From this we may be justified 
in concluding that the relation of CO. to O shown in Fig. 1 holds true 
for all ordinary conditions of simple combustion. It therefore follows 
that if we know the percentage of CO, contained in the products of 
combustion we may infer from it with a practical degree of approxi- 
mation the accompanying percentage of O, and vice versa. 

36 That no such reliable relation exists between the CO and 
either of the former has already been stated. That this should be 
so becomes quite evident when we consider that the relation between 
CO, and O depends on a natural law, whereas the percentage of CO 
in a large degree depends on caprice. In Table 2 we find 0.55% CO 
with 13.6% of O and in Table 6 we find analyses which show com- 
plete combustion with less than 6°) of O. It is evident, therefore, 
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that 6% of O is sufficient when the conditions are right and that a 


large percentage of O will not insure complete combustion when the . 


conditions are bad. 

37 The CO line in Fig. 1 illustrates the irregularity of this com- 
ponent. It was stated at the outset that the tendency toward a 
higher percentage of CO in flue gas becomes increasingly greater as 
the percentage of CO, goes up; but the diagram shows a maximum of 
over 0.4% of CO with CO, between 10% and 11%, whereas with CO, 
between 11% and 14% the CO does not average above 0.2%. This 
apparent anomaly is explained by the fact that Government analyses 
include from 20 to 30% of infiltrated air and that the real combustion 
products contained about 25% more CO, and 25% less O than the 
analyses show. In reality, therefore, the high CO readings occurred 
with CO, from 12.5 to 13.75%. This would place the high CO in 
its proper relation to COs, but the contrast as compared with the 
CO found in the flue gas of the locomotive test still remains and is 
evidence of uneconomical firing. 

38 Passing to Fig. 2 we notice the same characteristics as in Fig. 
1, viz., the O line follows a trend which should meet the theoretical 
O line at 21% when CQ, reaches zero, and the CO, follows a trend 
which would meet the zero point of the theoretical CO, line when O 
reaches 21%. The CO is irregular and has a moderate tendency 
towards higher values as the CO, reaches the higher values. With 
the exception of the few analyses previously discussed, this diagram 
shows very good combustion. 

39 Fig. 3 corroborates what has already been said about the 
analyses from which it was plotted. The CO line is irregular and 
high, and only slightly higher with CO, above 11% than below. 
Both the CO, and the O line show that the analyses are deficient in 
the O components, nor does the trend of the O line converge toward 
the theoretical line as it should. The correctness of the analyses 
in Tables 7 and 8 must, therefore, stand questioned, and other than 
showing this fact, little value can be attached to the diagrams in 
Fig. 3. 

40 The suspicion as to the correctness of the analyses in Tables 
9 and 10 is strengthened to an even greater extent by study of Fig. 
4. The analyses appear to be particularly faulty with the higher 
CO, and the correspondingly lower O content. The high and erratic 
CO line shows that the firing must have been irregular and bad. But 
reliable conclusions cannot be drawn from this diagram except that 
at least a large number of the analyses cannot be considered reliable. 
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CALCULATION OF HEAT CARRIED OFF BY THE FLUE GAS 


41 In Appendix No. 2 an attempt has been made to formulate 
simple equations by which the heat and heat energy carried off by the 
flue gas can readily be calculated for all kinds of fuel, provided we 
have a correct analysis of the fuel burned and the flue gas produced. 


CONCLUSIONS 


42 We must conclude from these calculations that the percentage 
of CO, and the stack temperature are the two controlling factors in 
the production of furnace and boiler efficiency. In view of the fact 
that both of these components are so easily determined and that 
apparatus is in existence which will continuously indicate and record 
them, it is lamentable that more general use is not made of these 
indexes. 

43 There is today no valid reason why scientific methods should 
not prevail in securing fuel, as well as in consuming it, especially 
for power purposes, nor is there any reason why consumers of large 
quantities of coal should be ignorant of its ultimate, as well as its 
proximate composition. 

44 It is not generally feasible, nor is it at all necessary, in order to 
obtain the most economical results, that calculations be based on the 
ultimate analysis of the coal, but a full analysis of the flue gas should 
form part of the daily routine. Inasmuch, however, as the most 
economical percentage of CO, varies considerably with the kind of 
fuel used, and also to some extent on the method of firing, hand or 
mechanical, the kind of stoker and rate of driving, it becomes very 
desirable, if not absolutely necessary, to make a series of tests in 
which all the essential elements are determined. 

45 Having established the most economical value of COs, this 
component of the flue gas will serve as a correct guide to the fireman. 
An automatic record, preferably a continuous one, for the engineer is 
of the greatest value. If, in addition, the stack temperature is 
indicated for the fireman and recorded for the engineer in charge 
there should be little difficulty in getting maximum efficiency. 


APPENDIX NO. 1 


GAS ANALYSES FROM VARIOUS SOURCES 
U. 8. Government Tests! 
TABLE 1 TABLE 2 I 
ARRANGED AccoRDING TO CO: ARRANGED AccoRDING To O 
co Total CO: co Total 
2.0 18.4 0 20.4 18.4 2.0 0 20.4 . 
3.0 17.7 0 20.7 17.7 3.0 0 20.7 
3.4 17.5 0 20.9 17.6 3.4 0 21.0 E 
3.4 7.6 0 21.0 : 
} Aver 3.4 17.5 0 17.5 3.4 0 20.9 
3.5 171 0 20 6 17.3 3.7 0 21.0 
3.7 17.3 0 21.0 17.2 38 0 21.0 i 
3.7 17.1 0 8 
Aver 3.7 17.2 0 17.1 3.5 0 20.4 
17 3.7 0 20.8 : 
3.8 16.7 0 20.5 ne 17.1 3.6 0 
3.5 17.2 0 21.0 
Aver 3.8 17.0 0 16.7 4.2 0 20.9 ' bs 
16.7 3.8 0 20.5 : 
10 16.1 0 20.1 16.7 4.0 0 
4.2 16.7 0 20.9 16.4 4.4 0 20.8 a 
4.3 16.1 0 20.4 16.2 4.6 0 20.8 
4.4 16.1 0 20.5 16.1 4.9 0 20.1 
4.4 16.4 0 20 8 16 1 4.3 0 20.4 _ 
Aver 4.4 16.3 0 16.1 44 0 20.5 _ 
Aver. 16.1 4.2 0 
4.6 16.2 0 20.8 q 
6 15 7 0 20.3 15.9 5.0 0 20.9 Mi 
Aver 4.6 16.0 0 : 
15.8 4.8 0 20.6 
4.8 16.2 0 21.0 15.8 5.2 0 21.0 an 
4.8 15.8 0 20.6 15.8 5.0 0 
4.8 15.6 0 20.4 aa q 
Aver 48 159 0 
‘Coal Testing Station, Louisiana Purchase Exposition, U. S. Geological Survey Report, , 
Part 2, Boiler Tests ¥ 
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U. S. Government TEsts 
TABLE 1—Continued TABLE 2—Continued 
ARRANGED ACCORDING TO CO: ARRANGED AccoRDING To O 
COs oO CO Total oO COz CO Total 
4.9 15.2 0 20.1 15.7 5.1 0 20.8 
15.7 4.6 0 20.3 b 
5.0 14.7 0.1 19.8 15.7 4.9 0 ) 
5.0 15.9 0 20.9 
5.0 15.0 0 20.0 15.6 4.8 0 204 
5.0 14.4 0 19.4 
eT 15.0 0 15.2 4.9 0 20.1 
5.100 15.7 (20.8 15.1 5.3 0.3 20.7 
5.1 14.9 0 20.0 
Aver...... 5.1 15.3 0 15.0 5.0 0 20.0 
15.0 5.6 0 2.6 
= Aver.......... 15.0 5.3 0 
5.2 14.7 0.2 20.1 
5.2 14.8 0 20.0 
14.9 3 0 202 
ae 2 15.1 0.1 
4.9 5.1 0 20.0 
14.9 5.2 0 
5.3 15.1 0.3 20.7 
5.3 14.8 0.1 20.2 
5.3 14.9 0 2.2 14.8 5.2 0 
53 13.9 0 19.2 14.8 5.3 0.1 20.2 
5.3 14.7 0 20.0 4.8 5.8 o 20.6 
14.7 04 14.8 5.6 (20.4 
14.8 5.5 0 
5.4 14,2 0 19.6 
4.7 5.9 0 206 
14.7 5.8 0 205 
5.5 14.4 0.2 20.1 “47 53 0 200 
4.7 5.2 02 201 
5.6 14.8 0 20.4 14.7 5.0 0.1 19.8 
5.6 15.0 0 20.6 re 14.7 5.4 0.1 
5.6 14.5 0 20.1 
14.8 0 14.5 6.2 0.2 20 9 
14.5 6.2 0 20.7 
5.7 14.4 0 20.1 14.5 6.0 0 20.5 
5.7 14.5 0 20.2 4.5 59 0.2 20.6 
ee 14.5 0 14.5 5.9 0 20.4 
4.5 5.7 0 202 
5.8 13.4 0.3 19.5 14.5 5.6 0 20.1 
5.8 12.7 0 18.5 5.9 0.1 
5.8 14.7 0 205 
5.8 14.8 0 20.6 14.4 5.0 0 19.4 
5.8 14.3 0 20.1 14.4 6.2 0 20.6 
14.0 0 144 6.0 0 204 
14.4 6.0 0 20.4 
5.9 14.5 0 20.4 14.4 6.0 0 20 4 
5.9 14.1 0 20.0 14.4 6.0 0 204 
5.9 14.7 0 20.6 14.4 5.7 0 201 
5.9 14.0 0 19.9 14.4 5.5 0.2 20.1 
5.9 14.5 0.2 20.6 Aver..........14-4 5.8 0 


Aver..... sinece® 14.4 0 20.3 
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U. S. GovERNMENT TESTS 
TABLE 1—Continued TABLE 2—Continued 
ARRANGED AccorbDING To CO: ARRANGED AccorpDING To O 
CO: Oo CoO co co‘ Total 
60 14.4 0 20.4 14.3 5.8 0 20.1 
; 6.0 14.4 0 20.4 14.3 6.3 0 20.6 
) 6.0 14.5 0 20.5 4.3 6.3 0 20.6 f 
6.0 13.6 0 19.6 14.3 6.1 0 
6.0 14.0 0 20.0 i 
6.0 14.4 0 20.4 14.2 5.4 0 19.6 
6.0 14.4 0 20 4 7 
Aver.......... 6.0 14.2 0 14.1 5.9 0 20.0 SS 
14.1 6.2 0 203 
6.1 13.7 0 19.8 14.1 6.7 0 20.8 f 
6.1 13.6 0 19.7 Aver.......... 14.1 63 0 ’ 
6.1 13.7 0 19.8 
Aver..........6.1 13.7 0 140 6.4 0 20.4 
14.0 6.4 0 204 
6.2 14.4 0 20.6 14.0 6.0 0 20.0 
6.2 14.5 0 20.7 14.0 5.9 0 19.9 { 
6.2 14.1 0 2.3 4.0 62 0 
6.2 14.5 02 20.9 
6.2 13.7 0 19.9 13.9 6.7 0 20.6 ~ 
6.2 13.2 0 19.4 13.9 69 0.1 20.9 j 
Aver.......... 6.2 14.1 0 13.9 5.3 0 19.2 a 
Aver.. ...13 9 6.3 0 c 
6.3 13.1 0 19.4 
16.3 12.7 0.4 19.4 13.8 7.2 0 21.0 ; 
6.3 14.3 0 20.6 13.8 68 0 20.6 f 
6.3 14.3 0 20.6 13.8 6.5 0 20.3 : 
6.3 13.7 0 20.0 13.8 6.4 0 20.2 
6.3 13.6 0.1 13.8 6.7 0 
4 
6.4 13.4 0 19.8 13.7 6.1 0 19.8 
6.4 13.8 0 20.2 13.7 6.1 0 19.8 . 
16.4 13.6 0.5 20.5 13.7 6.2 0 19.9 
6.4 13.7 0 20.1 13.7 6.3 0 20.0 
6.4 14.0 0 20.4 13.7 6.7 0 20.4 
6.4 13.4 0 19.8 13.7 6.4 0 20.1 
6.4 13.6 0 20.0 Aver meee 63 0 
6.4 13.6 0 20.0 
6.4 14.0 0 20.4 13.6 7.4 0 21.0 
Aver......... 6.4 13.7 0 13.6 6.8 0 20.4 
13.6 6.8 0 20.4 
6.5 14.2 0 20.7 13.6 6.7 0 20.3 
6.5 12.9 0.3 19.7 13.6 6.6 0.5 20.5 
6.5 13.0 0 19.5 13.6 6.6 0 20.2 : 
6.5 13.1 0.1 19 7 13.6 6.4 0 20.0 
65 13.5 0 20.0 13.6 6.4 0 20.0 
6.5 13.8 0 20.3 13.6 7.1 0 20.7 
13.4 0 13.6 6.1 0 19.7 
13.6 6.0 0 19.6 
6.6 13.3 0.3 20.2 pT 6.6 0 
66 13 6 0 1.2 13.5 6.6 0 20.1 
13.5 6.5 0 20.0 
Continued on next page 6.6 0 
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ARRANGED AccorRDING TO CO: 


CO: 
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co 
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Total 


TABLE 2—Continued 


ARRANGED AccORDING TO 
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CO: 


co 


owooooococso 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.1 
1 
0 
0 


ooocoococo 


oO 


Total 


P| 13.4 6.4 0 19.8 
13.4 6.4 0 19.8 
6.6 12.6 0 19.2 13.4 6.7 0 20.1 
6.6 13.3 0 19.9 13 4 6.7 0 20.1 
6.6 13.0 0.1 19.7 13.4 7.0 0.4 20.8 
6.6 12.5 0 19.1 13.4 7.2 0.3 20.9 
*6.6 12.2 0 18.8 13.4 6.6 0.2 20.2 
16.6 12.7 0.5 19. 8 6.7 0.1 
66 13.4 0.2 20 2 
6.6 13.6 0.3 20.5 13.3 7.1 20.4 
6.6 12.8 0 19.4 13.3 7.0 20.3 
6.6 11.2 178 13.3 6.9 20.2 
6.6 13.0 0 19.6 13.3 6.9 20.2 
6.6 12.8 0 19.4 13.3 6.9 20.2 
6.6 13.9 0 20.5 13.3 6.9 20.2 
| 13 0 0.1 13.3 6.9 20.2 
13.3 6.6 19.9 
12.9 19.6 13.3 6.6 20.2 
13.9 20.6 ee 6.9 
12.8 19.5 
12.8 19.5 132 67.4 20.6 
12.9 19.6 13.2 6.8 20.0 
11.5 18.2 13.2 6.8 20.0 
13.4 20.1 13.2 7.2 20.4 
13.4 20.1 13.2 7.2 20.4 
13.7 20.4 13.2 6.2 19.4 
13.6 20.3 6.9 
14.1 20.8 
13.2 
6.3 19.4 
7.1 20.2 
6.8 13.2 20.0 7.0 | 20.1 
6.8 13.7 20.4 7.0 20.1 
*6.8 11.2 18.0 6.9 20.0 
*6.8 10.6 17.4 6.5 0 19.7 
6.8 13.2 20.0 7.2 20.3 
*6.8 11.1 0 18.0 | 6.9 
6.8 13.0 19.8 
6.8 13.8 20.6 13.0 79 20.2 
6.8 13.6 20.4 13.0 79 20.2 
12.6 13.0 7.8 20.8 
13.0 7.8 20.8 
6.9 13.3 20.2 13.0 6.8 19.8 
6.9 12.2 19.1 13.0 6.6 19.6 
6.9 13.9 0 20.9 13.0 6.5 19.5 
6.9 13.3 20.2 13.0 7.0 20.0 
6.9 13.1 20.0 13.0 7.0 20.0 
: 6.9 13.3 20.2 13.0 7.0 20.0 
6.9 13.3 20.2 13.0 7.0 20.1 
6.9 13.3 20.2 13.0 6.6 19.7 
6.9 12.7 19.6 13.0 7.3 20.3 
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TABLE 1—Continued TABLE 2—Continued 


ARRANGED ACCORDING TO CO: ARRANGED ACCORDING TO O 


COs oO CO Total co co 
7.0 12.6 0.1 19.7 12.9 7.0 0.2 
7.0 13.0 0 20.0 12.9 6.7 0 
7.0 12.4 0 19.4 12.9 6.7 0 
7.0 12.8 0 19.8 12.9 6.5 0.3 
7.0 13.1 0 20.1 12.9 7.6 0 
7.0 13.3 0 20.3 12.9 7.6 0 
7.0 12.2 0 19.2 12.9 7.3 0.2 
t7.0 13.4 0.4 20.8 Aver... 12.9 7.1 01 
7.0 13.0 0 20.0 
7.0 13.0 0 20.0 
70 12.9 «0220.1 
7.0 11.9 0.1 19.0 12.8 74 0 
7.0 13.0 0.1 20.1 map 2 > 
7.0 13.1 0 20.1 <2 7 
12.8 6.7 0 
12.8 6.7 0 
12.8 6.6 0 
7.1 12.2 0 19.3 12.8 7.2 0 
7.1 12.9 0 20.0 12.8 7.2 06 
i 12.7 0 19.8 12.8 7.1 01 
"7.8 9.2 03 16.6 12.8 7.0 0 
7.1 12.8 0.1 20.0 12.8 6.6 0 
7.10 12.4 (19.5 0.1 
7.1 13.1 0 22 
7.1 13.3 0 20.4 
7.1 13.6 0 20.7 27 866.9 0 
7.1 12.7 0 19.8 12.7 71 0 
7.1 12.5 0 12.7 0 
12.7 7.2 0 
12.7 6.3 0.4 
7.2 13.4 0.3 20.9 
*7.2 10.6 0 17.8 13.7 
7.2 13.2 0 20.4 37 v4 aa 
7.2 13.2 0 204 
a 12.7 7.4 0 
7.2 11.9 0 19.1 37 
7.2 13.8 0 21.0 27 73 5 
7.2 12.7 0 19.9 27 
‘3 685 Aver 2.7 7.1 0.1 
7.2 12.1 0 19.3 
7.2 12.8 0 20.0 
7.2 12.8 0.6 20.6 12.6 7.2 0 
7.2 12 5 0.@ 20.3 12.6 7.4 0 
7.2 12.0 0 19.2 12.6 7.4 0 
7.2 12.8 0 20.0 12.6 7.4 0 
7.2 13.0 0 2.2 12.6 7.5 0 
7.2 13.1 0 2.3 12.6 7.5 0 
7.2 12.6 0 19.8 12.6 7.8 0 
7.2 13.0 0 20.2 12.6 7.8 0 
7.2 12.5 0 19.7 
ee ee 7.2 12 6 0.1 Continued on next page 
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Total 
20 
1 
19.6 = 
19.6 
19.7 
20.5 4 
20.5 
20.4 
19.4 
20.0 : 
20.6 
20.6 
19.8 
19.4 
¢ 
19.6 
19.8 
q | 
20.0 
20.0 
20.0 
19.8 : 
20.0 
20 0 
20.0 
20.1 
20.1 ji 
20 4 
20.4 
é 
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TABLE 1—Continued 


ARRANGED Accorp'NG To CO, 


CO2 0 co 
7.3 3.0 0 
7.3 2.7 0 
7.3 2.2 0 
7.3 12.9 02 
7.3 19 0 
2.3 0.5 
17.3 5 0.5 
7.3 9 0 
7.3 2.2 0 
7.3 2.2 0 
7.3 2.1 0 
7.3 2.7 0 
7.3 7 0 
7.3 2.8 0 
7.3 24 0.1 
7.4 12.4 0 
7.4 12.4 0 
7.4 13.2 0 
7.4 12.1 0 
7.4 12.6 0 
7.4 13.6 0 
7.4 12.8 0 
"7.4 10.6 0 
7.4 12.3 0 
7.4 12.7 0 
7.4 12.0 0 
7.4 12.5 0 
7.4 12.6 0 
7.4 11.9 0 
7.4 12.6 0 
7.4 12.7 0.1 
7.4 12.0 0 
7.4 128 0 
7.4 12.4 0 
7.5 12.5 0 
7.5 12.6 0 
7.5 12.6 0 
7.5 12.5 0 
7.5 12.3 0 
7.5 11.5 0 
7.5 12.1 0 
7.5 11.7 0 
7.5 12.6 0.1 
7.5 12.2 0 
7.5 12.3 0 
7.6 12.4 0 
7.6 12.2 0 
*7.6 10.5 0 


Continued on next page 


Total 


& 


to to to 
coo 


20.1 
19 9 
20.0 
19.3 
20.2 
19 4 


20.2 


20. 


20 


18.1 


Aver 


TABLE 2—Continued 


ARRANGED AccoRDING TO O 


O co 
Contined 

12.6 7.8 0 
12 6 7.6 0 
12.6 7.6 0 
2.6 7.6 0 
2.6 7.5 0.1 
12.6 8.0 0 
12.6 7.9 0 
12.6 7.9 0 
12.6 6.6 0 
12.6 7.0 0.1 
12.6 7.5 0 
12.5 7.2 0.6 
12.5 7.2 0 
12.5 6.6 0 
12.5 8.5 0 
12 5 7.6 0.1 
12.5 7.6 0 
12.5 7.5 0 
12.5 7.4 0 
12.5 7.3 0.5 
12.5 7.2 0 
12.5 7.4 0.1 
12.4 0 
12.4 7.0 0 
12.4 7.4 0 
12.4 7.4 0 
12.4 7.8 0 
12.4 Pe 0 
12.4 7.6 0 
12.4 7.6 0 
12.4 7.6 0.2 
12.4 7.6 0 
12.4 7.6 0 
12.4 8.0 0 
12.4 8.0 0 
12.4 8.0 0 
12.4 7.9 0 
12.4 8.2 0 
12.4 8.2 0 
12.4 8.2 0.3 
12.4 8.6 0 
12.4 7.6 0 
12.4 7.8 0 
12.3 8.2 0 
12.3 8.0 0.3 
12.3 7.8 0 


Continued on next page 


Total 


nw oo 


| 
20 3 
~0.0 
20 
20 
20 
20 
20 
20.6 
20 
20 
19 
19 
Aver 20.3 
19 7 
19.8 19.1 
: 19 8 21.0 
20.6 20.2 
19.5 20.1 
20.0 20.0 
21.0 19.9 
20 2 20.3 
18.0 19.7 
19.7 
19.5 
19.4 
19.8 
19.8 
20.2 
20.1 
20.0 
20.0 
Aver 2 
20.0 
20.0 20.0 
20.4 
20.1 20.4 
20 4 
19.8 20.3 
19.0 20.6 
19.6 20.6 
19.2 20.9 
20.2 21.1 
19.7 20.0 
Ave 
20.0 20.5 
19.8 20.6 
20.1 
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TABLE 1—Continued 
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+ 


sos @ 


De 


TABLE 2—Continued 


ARRANGED AccorDING TO CO? ARRANGED ACCORDING TO 
CoO ‘Total CO: co 
20.2 Continued 
20.3 
20.0 12.3 7.6 0 
20.3 12.3 7.5 0 
19.1 12.3 7.4 0 
20.0 12.3 7.3 0.5 
20 2 Aver 12 3 7.6 01 
30.1 12.2 6 6 0 
20.2 
19.4 
12.2 7.0 0 
20.2 
12.2 6.9 0 
19.9 
12 7 3 0 
19.8 
12.2 73 0 
8.1 12.2 0 
19.0 
4 12.2 7.6 0 
20 5 
12 0 
12.2 8.1 0 
20.0 12.2 82 0.1 
19-4 12.2 7.2 0 
19.4 Aver 122 7.4 0 
19 6 
20.4 12.1 8.2 0 
19.3 12.1 8.0 0 
20.4 1 8.0 0.2 
20 6 21 7.6 0 
20.0 2.1 7.5 0 
20.5 12.1 7.4 0 
20 2 2.1 7.3 0 
2.1 7.2 0 
Aver 12.1 7.7 0 
9 
12.0 7.3 0 
19.6 
09 12.0 7.4 0 
12.0 7.4 0 
12.0 7.8 0 
12.0 7.7 0.5 
19.6 12.0 7.6 0 
20.8 12.0 8.0 0 
19.5 12.0 80 0.1 
20.1 12 0 7.9 0 
19.7 12.0 79 0 
19.0 12 0 82 0 
19.8 12 0 8.2 0 
19.4 12.0 84 0 
20.8 12.0 8.0 0 
19.0 Aver. ........12.0 7.1 0 
20.4 
20.4 11.9 8.4 0 
20.2 11.9 8.5 0 
20.4 11.9 8.2 0 


Continued on next page 
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| 
Total 
19 a 
19 
20 
18 
19 
19 
19 
19 
19 § 
19 j 
20 
20 
19.4 
20.3 
20.1 
20.3 
19.7 
19.6 x | 
19.5 
19 4 
Aver 19.3 
19 
19 
19 
Aver is 
20. 
19 
20 
20 
19.8 
20 
20 
20.4 
20.0 
20.3 
20.4 ae 
20.1 
12.1 0 
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TABLE 1—Continued TABLE 2—Continued 


ARRANGED ACCORDING TO CO: ARRANGED AccoRDING TO O 


co 


oo 


DoS 


m 


coo 


ow oc 


oo 


oo 
&w 


& & & & & & & & 


oo 


nue 


ROW 
co 


oo 


0 
0 
3 
0 
0 
0 
A 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Total 


19.6 


19. 
19.3 
19 
19 
20 
19 ¢ 
20 
20 
20 
20 
20. 
20 
20.3 


to 


2046 
CO: CO Total oO CO2 cO 
7.9 12.6 20.5 Continued 
79 12.8 20.7 
79 12.6 20.5 11.9 2 0 201 
19.9 11.9 0 0 99 
19.9 11.9 0 0.1 2200 
19.6 11.9 0 o Wwe 
19.9 11.9 0 198 
7 19.8 11.9 9 0.2 20.0 
19.9 11.9 0.1 19.9 
7 19.4 11.9 8 0 197 
7 20.0 11.9 7 0 96 
7 19.7 11.9 4 0 19.3 
3 0 19.2 
2 0 19.1 
0 0.1 19.0 
t* 9 0 208 
9 0 
0 
8.0 1 0 
80 ll 0 
8.0 
8.0 11 0 
3.0 10 3 
8.0 1 2 
80 
8.0 12 0 
8.0 12 0 ) 
8.0 22 
8.0 
8.0 
8.0 12 
8.0 11 ) 
8.0 11 
8.0 11 
8.0 11 
8.0 
8.0 20 
8.0 12 20 
*.0 10 20 
80 1 20 
8.0 118 19.8 il 19 
8.0 11.8 19.9 1 19 
8.0 12.4 20.4 ll 19 
8.0 124 20.4 ll 19 
8.0 11.9 19.9 11 19 
8.0 11.8 19.8 il 19 
8.0 12.1 20.1 ul 19 
80 14 19.4 1 = 
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ARRANGED AccorpDING TO CO: ARRANGED AccoRDING TO O 
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CO Total 


owoo 


to 


coo ooo ow 


aN 


ooo 
to 


oo 


> 


ono 


noe wy 
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19.6 
19.6 
19.5 
19.8 
20.7 


= 


w to 


= 


20.3 
20.3 


EDW. A. UEHLING | 
8.1 11.7 0 19.8 11.6 
81 M2 19.5 11.6 
10.3 02 186 11.6 
81 12.2 0 2.3 11.6 
8.1 11.3 0.3 19.7 11.6 a. ‘ 
8.1 10.8 05 19.4 11.6 0 20.6 
8.1 11.5 0.1 19.7 11.6 0 20.8 a= : 
Aver 8.1 11.3 02 11.6 19.9 a 
11.6 19.8 
11.6 19.8 
88 612 19.8 
8 12 20.1 
*8 10 20.4 i 
+8 11 20.6 
8 11 20.6 x 
8 
ts 1! 
8 0.3 4 
9 0 
0.1 
0.2 
0 
20 f 
1 19 | 
0 19 : 
0 19 
0 
19.4 = 
19.4 
19.4 
20.1 
20.0 id 3 
8.5 19.9 
8.4 20.0 a 
8.3 11.3 8.4 19.8 at 
8.3 11.8 8.4 19.8 
83 11.3 84 19.8 
8.3 11.7 8.4 20.0 
8.3 11.5 0 8.4 19.8 
8.3 11.8 0 8.9 || 
8.9 
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TABLE 1—Continued 


ARRANGED ACCORDING TO CO: 


CO: Oo 
Continued 
8.3 11.7 
8.3 12.7 
8.3 11.1 
8.3 10.8 
8.3 9.7 
18.3 10.1 
10.5 
8.3 11.9 
8.3 11.6 
8.3 11.3 
8.4 10.8 
*8.4 10.2 
8.4 11.8 
8.4 11.3 
8.4 11.4 
8.4 11.4 
8.4 12.5 
8.4 11.6 
8.4 11.7 
8.4 11.8 
8.4 11.5 
8.4 11.9 
8.4 11.4 
8.4 11.0 
8.4 11.4 
8.4 11.0 
8.4 10.2 
t*8.4 9.9 
8.4 11.0 
8.4 11.0 
18.4 11.3 
*8.4 9.9 
8.4 12.0 
8.4 11.4 
8.4 11.8 
8.4 11.4 
8.4 11.3 
8.4 11.3 
8.5 11.5 
8.5 12.5 
8.5 10.9 
8.5 12.3 
8.5 11.4 
8.5 11.6 
8.5 11.0 
8.5 11.9 
8.5 10.3 
8.5 11.4 
8.5 11.5 


CO ‘Total 
0 20.0 
0 21.0 
0.2 19.6 
0 19.1 
0 18.0 
0.8 19.2 
0.5 19.3 
0.1 20.3 
0 19.9 
0.2 


co 


oo 


OOO 


oo 


NOUN DR & & 


~m om ON 


TABLE 2—Continued 
ARRANGED AccorRDING TO O 


oO CO2 co 


11.3 8.7 0 
11.3 8.8 0 
11.3 8.9 0 
11.3 8.4 0 
11.3 8.4 0.4 
11.3 8.4 0.1 
11.3 8.3 0 
11.3 8.3 0 
11.3 8.2 0 
11.3 8.2 0 
11.3 8.1 0.3 
11.3 8.0 0 
11.3 8.0 0 
11.3 7.9 0.1 
8.3 0.1 
11.2 7.8 0 
*11.2 6.8 0 
"11.2 6.6 0 
11.2 8.2 0.2 
11.2 8.2 0 
11.2 9.0 0.2 
11.2 8.6 0 
11.2 8.6 0.2 
11.2 8.9 0 
11.2 8.8 0 
11.2 8.8 0 
11.2 8.6 0 
11.2 9.0 0 
11.2 7.8 0 
BS 8.3 0 
11.1 8.9 0 
11.1 8.9 0.3 
11.1 8.9 0 
11.1 8.6 0 
11.1 8.6 0.1 
11.1 8.3 0.2 
11.1 8.2 0.4 
11.1 8.2 0.1 
11.1 9.3 0 
6.8 0.1 
ee 11.1 8.5 0.1 
11.9 $.3 0.3 
11.0 7.6 0.4 
11.0 9.4 0 
11.0 8 6 0 
11.0 8.6 0.2 
11.0 8.6 0 
11.0 8 6 0.4 


Continued on next page 


nO 


& 


| 
: 
Tota! 
20.0 
20.1 
20.2 
19.7 
20.1 
19.8 
19.6 
19. 
19 
19 | 
19. 
19 
«ff 
19.2 19 
18.6 
20.2 
19.8 19.0 
20.0 18.0 
19.8 17.8 
21.0 19.6 
20.0 19.4 
20.3 20.4 
20.4 19 8 
19.9 20.0 
20.3 20.1 
i 19.8 20.0 
19.4 20.0 
19.8 19.8 
19.9 20.2 
18 19.0 
18 
19 
19 20.0 
20 20.3 
0 18 20.0 
0 20 19.7 
0 19 19.8 
0.3 20 19 6 
0.2 20 19.7 
0 19 19.4 
0.1 20.4 
18.0 
0.2 20 
0 21 
0 19 19.5 
0 20 19.0 
0 19 20.4 
0 20 19.6 
0.3 19 19.8 
0 20 19.6 
0.3 19 20.0 
0 19.8 


Aver 


Aver 


Aver....... 
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TABLE 1--Continued 


ARRANGED ACCORDING TO CO; 


93 93 93 


= 
> 
to 


CO Total 
0 19.8 
0 19.1 
0.1 20.2 
0.2 20.0 
0.4 20.0 
01° 19.8 
0.5 19.9 
0.2] 19.5 
0 194 
0 19.6 
0 19.2 
0 21.0 
0 19.8 
0 19.7 
0 19 6 
02 19.8 
01 
0.1 20.5 
0 19.7 
0 2.00 
0.1 19.0 
0.0 19.7 
0.3 19.7 
0 19.5 
03 20.6 
0 19.2 
0 19.1 
04 19.8 
0 09.3 
0.1 
0 19.8 
0.2 20.6 
0.3 19.9 
0 19.6 
0.3 18.3 
0.2 19.5 
0 17.8 
0 20.0 
0.3 19.8 
0.2 19.9 
0 20.0 
0 20.4 
0 20.1 
0.6 18.6 
0.3 20.6 
0.3 20.9 
0.1 19.7 
0.2 


Aver 


Aver 


Aver... 


Aver.... 
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O 


10 


CO: 


Continued 


a © 


x 


@ 


co 


uo 


an 


i=) 


> 


bo 


CO 
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Total 


20 


19 


19 
19 
19 
19 
19 
19 
19 
19 
20 


20 


20 
19 
19 
19 
20 
19 
19 
19 
19 
19 


cr © 


8.6 
8.6 
8.6 11 11.0 03 19.8 
8.6 11 11.0 0 19.4 
18.6 11 11.0 0.2 19.6 
8.6 11.0 05 19.9 
18.6 10 11.0 0 19.4 
10 11.0 0 19.7 ; 
10 11.0 0 19.7 ee 
11.0 11.0 0 19.8 ; 
10 6 11.0 04 19 6 
12.4 11.0 0.3 20 3 
11.2 11.0 0.1 19.1 
111 11.0 85 0.3 
11.0 : 
11.0 
11 1 10.9 90 0 19 
10.9 9.0 0 19 
109 9.2 0 
11.7 10.9 8.5 0 19 a 
11.0 10 9 8.8 0.2 19 
11.3 10.9 39 0 
10 2 
11.0 
10.7 10 0.1 19.7 
10.8 10 03 19.9 a 
11.6 10 0 m6 
10.5 10 0 19.5 a 
10.4 10 0 i ‘ 
10.7 10 0.4 4 
10.6 10 0.5 4 : 
10.9 10 0 4 
10 | 0.5 9 x 
10 0 2 
8.8 11.0 10 0 
8.8 11.6 10 0 8 ae 
8.8 10.8 10 0.1 0 a 
8.8 10.8 10 0.2 
*8.8 10.2 0.2 
8.8 10.5 
°8.8 9.0 
8.8 11.2 10 9. 0.3 = = 
8.8 10.7 10 9 | 0 B.. 
8.8 10.9 10. 9. 0 5 
8.8 11.2 10 8.6 0.2 
8.8 11.6 10 9.4 0.1 
8.8 11.3 10 8. 0 
t*8.8 9.2 10 8 0.3 
8.8 11.5 10. 8 0.4 
8.8 11.8 10 8 03 
8.8 10.8 10 9 | 0 a i 
ie 
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TABLE 2—Continued 


ARRANGED ACCORDING TO O 


Total 


20.0 
30.4 
20.8 
20.1 
20.3 
19.6 
19.8 
20.3 
20.3 
18.9 
19.5 
20.2 
19.2 
20.0 


o 


pw 


ow 


@ 


o 


So 


S 


nn 


0 
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2050 
CO: co Oo CO:z co Total 
8.9 11.1 *10.6 7.4 18.0 
8.9 11.5 *10.6 6.8 17.4 
: 8.9 11.9 10.6 7.9 19.5 
8.9 11.2 10.6 8.9 19.5 
8.9 11.4 10.6 9.4 20 
8.9 10.5 10.6 9.4 20 
18.9 10.5 10.6 8.6 19 
8.9 11.1 10.6 9.0 19 
8.9 11.4 10.6 9.0 19 
*8.9 9.8 10.6 9.1 19 
89 10.6 10.6 9.2 19 
8.9 11.3 10.6 9.2 19 
8.9 10.3 10.6 9.2 20 
89 11.1 10.6 87 19 
Aver....... 69 11.0 | *10.6 7.2 17 
Aver.. .... 10.6 8.6 
: 9.0 11.2 20.2 10.5 9.0 0 eT 
9.0 10.9 19.9 10.5 9.0 0 19 
9.0 10.7 19 7 10.5 9.1 0.2 eI 
9.0 10.8 19.8 10.5 - 9.1 0 19 
90 10.5 19.5 10.5 9.2 0 
9.0 10.0 19.0 10.5 8.6 
9.0 10.8 19.8 10.5 9.4 0 
t9.0 9.8 0 19.2 10.5 9.3 0 
90 10.5 19.5 10.5 8.3 0 
9.0 10.6 0 19.6 *10.5 7.6 
9.0 10.6 0.3 19.9 10 5 8.9 0 
t9.0 10.3 04 19.7 10.5 8.9 0 
3 9.0 11.0 03 20.3 10.5 8.8 0 
t9.0 9.6 0.4 19.0 10.5 87 dD 19.2 
90 11.2 0.2 20.4 Aver....... 10.5 8.9 || 
90 11 6 0 20.6 
9.0 11.6 0.2 20.8 10.4 8.0 
90 10 9 0 19.9 *10.4 7.9 
9.0 10.4 0 19.4 10.4 8.7 
Aver....... 928 10.7 0.1 10.4 9.3 
10.4 94 
10.4 9.5 
1 10.7 0 19.8 10.4 9.6 
1 10 5 0.2 19.8 10.4 9.2 
1 10.3 0.5 19.9 10.4 9.2 
1 10.8 0.1 20.0 10.4 9.2 
1 11.6 0 20.7 10 4 9.0 
1 10.2 0 19.3 Aver. ..... 10.4 9.0 
1 10.8 0.2 20.1 
1 97 0 18.8 10.3 9.2 0 19.5 
; 1 10.5 0 19.6 10.3 92 0.3 19.8 
1 10.2 0.5 19.9 10.3 9.1 0.5 19.¢ 
1 10.1 0.3 19.5 10.3 9.1 0.5 19.9 
1 10.6 0.1 19.8 10.3 9.0 0.4 19.7 
10.5 0.2 
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TABLE 1—Continued TABLE 2—Continued i 
ARRANGED AccorpDING To ARRANGED AccorDING TO O 
CO: CO Total a 
Continued ish 
i 9.2 10.7 0 19.9 “! a 
9.2 106 19.9 10.3 85 03 19.1 
9.2 10.4 0.2 19.8 10.3 93 0.3 19.9 ; 
9.2 10 6 0 19 8 10.3 9.3 0 19.6 4 
9.2 102 01 19.4 10.3 95 0.2 20.0 bs 
+2 10.5 0.1 19.8 10.3 96 0 19 9 
9.2 107 03 20.2 10.3 81 02 18 6 
92 10.4 o 19.6 Aver 10.3 91 02 
9.2 10.9 0 20.1 
9.2 0.4 0.2 19.8 * 10.2 82 0.1 18.5 
9.2 10.3 0 19.5 10.2 9.3 0 19.5 
9.2 10.3 860.3 19.8 10.2 87 601 19.0 
9.2 9.2 0.4 18.8 10.2 8.8 19.9 
Aver 9.2 04 0.1 10.2 9.6 0 19.8 
10.2 10.2 06 21.0 
*10.2 84 02 18.8 
10.2 9.1 0 19.3 
9 
*93 8.7 02 18.2 
Aver 10.2 9.0 0.1 
9.3 10.0 0.2 19.5 “a 3 
9.3 05 O04 202 10.1 91 03 19.5 
19.3 104 05 20.2 10.1 94 O1 19 6 
9.3 10.2 0 19.5 10.1 83 08 19.2 f 
9.3 103 0.3 19.9 Aver...... 10.1 89 04 
*9.3 93 0 18.6 
+ 9.3 98 05 19.6 *10.0 8.0 0 18.0 
93 1.1 0 20.4 10.0 97 O05 20.0 
93 10.3 0 19.6 10.0 9.6 0 19.6 
Aver 93 00 02 10.0 93 02 19.5 
10.0 10.2 0.1 20.3 
10.0 10.2 0 20.2 
10.0 9.0 0 19 0 
94 9.6 0 19.0 9.9 94 03 19.6 ‘ 
9.4 10.9 0.1 20.4 99 95 04 19.8 i 
94 10.4 0 19.8 99 95 O41 19.5 " 
9.4 10.6 0.2 20.2 9.9 96 0.2 19.7 
9.4 11.0 0 20.4 9.9 10.2 0.6 20.7 
9.4 94 03 19.1 9.9 10.2 0 20 1 
9.4 10.5 0.3 20.2 9.9 98 02 19.9 
9.4 99 03 19.6 84 OS 18 8 
194 106 04 20.4 99 84 0 19 3 
9.4 107 860.1 20.2 Aver........ 9.9 94 03 
102 O04 20.0 
“94 9.5 0 18.9 98 9.8 0 19.6 
9.4 10.1 0.1 19.6 9.8 9.0 0.4 19.2 ; 
9.4 96 0.2 19.2 98 96 O1 19.5 
94 96 0.3 19.3 98 9.6 0 19.4 
Aver 94 101 02 
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Aver 


Aver 


Aver 


TABLE 1—Continued 


ARRANGED AccoRDING TO CO2 


COr 


19.5 
79.5 
*9.5 
79.5 


COMBUSTION AND BOILER EFFICIENCY 


aoc 


U. S. GovERNMENT TESTS 


CO 


om 


20 


Aver 


Aver 


Aver 


Aver 


Aver 


Aver. 


TABLE 2—Continued 


ARRANGED ACCORDING TO O 


oO 


Continued 


_ 
co 
aie 


CO 


0 
0 


or 


4 
2 
4 
5 
0 
5 
3 


Total 


19.6 
19.5 
18.9 


18 
18 
19 
19 
19 
19 


= 


20.0 
19.5 
19.6 
19.2 
19.2 
19.3 


19.0 


19.6 
19.6 


93 19.3 
9.9 0.4 19.8 
i 8.5 0 18.0 9. 93 0 
93 0.6 19.4 9 93 0 
*9.5 8.9 0.1 18.5 8.9 0 
9.5 10 4 0 19.9 M......, 9%. 9.4 0 
9.5 9.3 05 19.3 
9.5 99 Ol 19.5 9.7 9.4 0 
9.5 10.3 0.2 20.0 *9 7 91 0 
9.4 0.3 *9 7 83 
9.7 98 0.3 
97 98 0 
9.6 96 0 19.2 
> 6 01 19 5 9.7 99 03 
9 6 9.8 0 19.4 
9.6 10 0 0 19.6 
19.6 9.6 0.8 20.0 9.6 10.1 0.3 
96 99 02 19.7 9.6 9.9 0 
P 9.6 9.4 02 19.2 9.6 9.8 0.2 
9.6 10.2 0 19.8 9.6 9.6 0.0 
9.6 10 3 0 19 9 9.6 94 0.2 
9.6 10 4 02 20.2 9.6 9.4 0.3 
7 9.6 9.9 0.2 9.6 9.4 0 19.0 
9.6 9.6 0.8 20.0 
9.6 9.0 0.4 
98 9.6 0.2 
10 0 m2? 
+9.7 9 ff 19.6 
9.7 98 0 9.5 0.4 20.0 
9.5 0 
9.5 0.4 | 
9.5 10.4 0 19 9 
9 9.6 02 19.6 MEE...» Oo 10.1 0.2 
| 93 0.4 19.7 
9 9¢ 0.2 19.9 
9. 9 0 19 6 9 9.4 0.3 19.1 
9 9 03 19.8 9 96 0.2 19.2 
9 9 0 19 5 9 10.4 0.1 19.9 
+9 04 19 4 10.2 0 19.6 
03 18 3 9 10.0 0.2 19.6 
= | 9 02 9 10.0 0 19.4 
9 10.0 0.3 19.7 
9 9.9 0.2 
9.9 8 0 19.4 
9.9 q 0 19.7 9 9.8 0. 19.7 
19.9 9 0 19.9 9 10.5 0 20 0 
19.9 8 0 19.1 9 10.5 | 20.2 
*9.9 8 17.9 9 9.5 19.3 
+9.9 8 1 19.5 *9 9.3 18.6 
9.9 9 19.5 9 9.5 0 19.3 
9 9 9.9 0 
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U. S. GovERNMENT TEsTS ; 
TABLE 1—Continued TABLE 2—Continued i 
ARRANGED AccoRDING TO CO, ARRANGED AccoRDING TO O 
CO Total oO CO: co Total 
10.0 94 94 88 06 186 7 
t10 0 9.4 03 19.7 9.2 10.0 04 19.6 
10.0 9.2 0 19.2 *9 2 7 0.3 16.7 eh 
10.0 9.0 0.3 19.3 9.2 10.0 0 19.2 
*10.0 8.6 0 18.6 9.2 9.8 0.4 19.4 ‘ 7 
10.0 9.4 0.2 19.6 *9 2 9.2 0.4 18 8 
710.0 9.2 0.4 19.6 Aver 9.2 9.2 0.4 
t10.0 9.0 0.3 19.3 
Aver 10.0 9.2 0.2 3 
91 10.7 02 20.0 
9.1 10.1 0.3 20 5 . 
“10.1 7.0 0.2 17.3 Aver 91 10 4 0.2 
10.1 9 6 0.3 20.0 
10.1 8.9 1.6 20.6 
+101 86 21 20 8 *9.0 8.8 0 17.8 
10.1 95 0 19.6 9.0 10.6 0 19.6 
101 90 03 19 4 90 10 4 0.5 19.5 
+101 05 04 20 0 9.0 10.1 0.3 19.4 | 
10 4 04 Is 7 9.0 10.0 0.3 19.3 
101 g 8 0.7 9.0 10.0 03 19.3 
Aver’ 90 10.0 0.2 
10.2 10.0 0 20.2 
10.2 99 0 20.1 8.9 9.9 0.6 19.4 
10 2 10.0 0.1 20.3 8.9 10.1 1.6 19.7 
10.2 94 0 19.6 8.9 10.4 0.5 19.8 if 
t10.2 99 0.6 20.7 8.9 10.4 0.2 19.5 a 
t10 10.2 0.6 21.0 *s9 9.5 0.1 18.5 
Aver 10.2 9.9 0.2 Aver 8.9 10.0 0.6 
*10.3 0 18 0 
t10.4 8.9 0.5 19 8 5.5 9.9 0.4 19.1 
+10.4 86 14 0 4 8.8 11.0 0.5 20.3 
10 4 95 0 19 9 8.8 11.0 0 19.8 
+10 4 90 05 19.5 Aver 5.5 10.6 0.3 
+10 4 8 2 05 19.1 
10.4 89 0.2 19.5 “87 93 02 18.2 
10.4 9.4 0.1 19.9 8.7 10.8 0 19.5 
A VOT 10.4 8.9 0.5 Aver 8.7 10 0 0.1 
0.5 9.3 0.2 20.0 . 
5 9.3 0.4 20.2 rie 
8.6 10.4 1.4 20.4 ; 
* 8.6 10.0 0 18.6 
10.6 0 0 19.6 Aver — 10.4 0.7 og f 
10.7 9.1 0.2 20.0 : 
710.7 7.9 0.9 19.5 *8.5 9.5 0 18.0 : 
10.7 8.1 1.1 19.9 \ 
10.7 8.4 0.7 8.3 10.8 0.1 19.2 
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U. S. GOVERNMENT TESTS 


TABLE 1—Continued 


ARRANGED ACCORDING TO 


co Total 

10.8 8.6 0 19.4 

10.8 8.6 0 19.4 

10.8 8.7 0 19.5 

10.8 8.3 0.1 19.2 
Aver....... 10.8 8.6 0 

10.9 7.9 0.3 19.1 

t11.0 8.8 0.5 20.3 

11.0 8.8 0 19.8 
Aver . 11.0 8.8 0.3 

11.1 8.1 0.2 19.4 

11.1 9.1 0.3 20.5 
Aver 8.6 0.3 

T11.4 7.9 0.4 19.7 


Aver 


Aver 


Aver 


TABLE 2—Continued 


ARRANGED ACCORDING TO O 


oO 


LOCOMOTIVE TESTS! 


TABLE 3 


ARRANGED ACCORDING TO CO2 


COs oO co Total 
10.16 8.49 0.13 18.78 
11.10 7.84 0.23 19.17 
11.15 7.52 0.20 18.87 
11.45 6.92 0 18.37 
11.46 7.49 0.1 19.05 
11.50 7.08 0.17 18.75 
11.78 6.74 0.30 18 82 
11.96 7.00 0.23 19.19 
11.96 7.07 0.14 19.17 
12 05 6.93 0.15 19 13 
12.20 6.94 0.05 19.19 
12.45 5.87 0.22 18 54 
13.57 4.49 0.20 18.26 
13.87 4.75 0.25 18 87 
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~ 


BES 


08 


= 


2 
we 


CO2z 


10.4 
10.1 


The Significance of Draft in St 


0 


TABLE 4 


sam Boiler Practice 


co 


ARRANGED ACCORDING TO O 


Total 


ows = 


Total 


18.78 
19.17 
18.87 
19.05 
18 75 
19.17 
19 19- 
19.19 
19.13 
18 37 
18 82 
18 54 
18.87 
18.26 


0.4 
99 1.4 
98 0.3 
|e 10.0 0.6 
8.1 10.7 1 19.9 
8.1 11.1 0 | 19 4 
[eee 8.1 10.9 0 
8.0 99 0 17.9 
7.9 10.7 09 19.5 
7.9 10.4 0.4 19 7 
|e 7.9 11.0 0.6 
105 06 ISS 
m0 10.1 a2 17 3 
10.16 0.13 
11.10 0.23 
11.15 0.20 
11.46 0.1 
11.50 0.17 
11.96 0.14 
11.96 0.23 
12.20 0.05 
12.05 0.15 
11.45 0 
11.78 0 30 
12.45 0.22 
13 87 0.25 
13.57 0.20 
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Six Hour AVERAGE SAMPLES 
TABLE 5 TABLE 6 
5 ARRANGED ACCORDING TO CO? ARRANGED ACCORDING TO O 
CO: co Total Oo CO: co Total 
11.4 19.6 11.4 82 0 19.6 
8.5 11.3 0 19.8 11.3 8.0 0 19.3 ; 
11.3 8.5 0 19.8 
8.8 10.6 0 19.4 Aver 11.3 8.3 0 
9.0 10.3 0 19.3 10.6 8.8 0 19 4 re 
9.0 10.2 0 19.2 
Aver 9.0 10.3 0 10.3 9.0 0 19 3 ig 
10.3 9.3 0 19.6 
9.2 10.1 0 19.3 10.4 9.5 0 19.8 & 
2 10.1 0 19.3 Avser 10.3 9.3 0 q 
Aver. 9.2 10.1 0 
10.2 9.0 0 19 2 
9.3 10.3 0 19.6 ‘ 
9.3 9.8 0 19.1 10.1 9.2 0 19.3 = 
Aver 93 10.1 v 10.1 9.2 0 19.3 . 
10.1 97 0 19 8 2 
9.5 10.3 0 19.8 Aver 10.1 9.4 0 F 
9.6 9.6 0 19.2 9.9 10.0 0 19.9 
9.7 10.1 0 19.8 9.8 9.3 0 19.1 r 
9.8 9.8 0 19.6 
98 98 0 19.6 9.8 10.1 0 19.9 : 
9.8 9.7 0 19.5 Aver 9.8 97 0 
9.8 9.7 0 19.5 4 
Aver.. 9.8 97 0 97 98 0 19.5 hy © 
9.7 9.8 0 19.5 i 
t 9.9 8.9 0.4 19.2 Aver....... 9.7 9.8 0 19.5 ‘fe 
10.0 9.9 0 19.9 96 96 0 19.2 } 
10.0 9.1 0 19.1 
10.0 9.0 0 19.0 
10.0 9.0 0 19.0 9.5 10.0 0 19.5 
10.0 9.5 0 19.5 
10.0 9.3 0 19.3 9.4 10.2 0 19.6 
10.0 9.3 0 19.3 9.4 10.3 0 19.7 
Aver....... 9.4 10.4 0 
10.1 9.1 0 19.2 
9.3 10.0 0 19.3 
9.3 10.2 0 19.5 
10.2 9.4 0 19.6 9.3 10.3 0 19.6 
10.2 9.3 0 19.5 9.3 10.4 0 19.7 
10.2 9.2 0 19.4 9.3 10.4 0 19.7 
10.2 9.1 0 19.3 93 10.5 0 19.8 
Aver. . 10.2 9.3 0 PT 10.3 0 


: Pe 
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AND BOILER EFFICIENCY 


Six Hour AVERAGE SAMPLES 


TABLE 5—Continued 


ARRANGED ACCORDING TO 


CO2z co 
10.3 9.0 0 
10.3 9.0 0 
10.3 9.1 0 
10.3 9.1 0 
10.3 9.2 0 
10.3 8.6 0.1 
10.3 8.7 0 
10.3 8.7 0 
10.3 8.8 0 
10.3 9.4 0 
10.3 9.2 0 
10.3 9.3 0 
10.3 9.0 0 
10.4 9.3 0 
10.4 9.3 0 
10.4 8.7 0 
10.4 8.9 0 
10.4 9.1 0 
10.5 8.9 0 
10.5 9.0 0 
10.5 9.3 0 
10.5 9.1 0 
10.6 9.4 0 
10.6 9.2 0 
10.6 8.4 0 
10.6 9.0 0 
10.7 8.3 0 
10.7 8.8 0 
10.7 8.6 0 
10.7 8.3 0 
10.7 8.5 0 
10.8 8.4 0 
10.8 8.4 0 
10.8 8.4 0 
10.9 8.5 0 
10.9 8.2 0.2 
10.9 8.4 0.1 
11.0 8.8 0 
11.0 8.7 0 
11.0 8.1 0 
11.0 8.2 0 
11.0 8.0 0 


Continued on next page 


Total 


ARRANGED ACCORDING TO O 


Aver.. 


Aver 


Aver 


Aver.. 


TABLE 6—Continued 


to to to te 


COz 


co 


eccooce 


Total 


19 
19 
19 
19 


ow 


19 
19 
19 


19 


19.0 


0 
19.3 
19.3 

5 


bo 


19 


= 
Ne 


| 
Oo | = 
19.3 10.2 0 | 
19.3 10.3 0 
19.4 10.3 0 
19.4 10.6 0 | 
19.5 | RAP 10.4 0 
vee 9.1 10.0 0 
91 10.1 0 
1 10.2 0 
ig 9 1 103 0 19 
19.7 
9.1 10.3 0 |_| 
91 102 0 
19.6 - 
9.0 10.0 0 
9.0 10.0 0 
19.7 9.0 10.3 0 i 
19.7 9.0 10.3 0 
19.1 9.0 10.5 0 
19.3 Aver....... 9.0 10.2 0 
8.9 9.9 0.4 
19.4 8.9 10.4 0 | 
19.5 8.9 10.5 0 
19.8 10.3 0.2 
88 103 0 19.1 
8.8 10.7 0 19.5 
20.0 8.8 11.0 0 19.8 
19.8 8 10.7 0 
19.0 
8.7 10.3 0 
8.7 10.3 0 
19.0 8.7 10.4 0 
19.5 8.7 11.0 0 
193 [eae 8.7 10.5 0 
19.0 8.6 10.3 0.1 19.0 
86 10.7 0 193 
| 10.5 0.1 
19.2 
19.2 8.5 10.9 0 19.4 
8.5 11.0 0 19.5 
8.5 11.0 0 19.5 
19.4 8.5 11.0 0 19.5 
191 8.5 11.1 0 19.6 
ae Aver....... 8.5 11.0 0 
8.4 10.6 19.0 
19.8 8.4 10.8 19.2 
19.7 8.4 10.8 19.2 
19.1 8.4 11.0 19.4 
19.2 8.4 11.0 19.4 
19.0 8.4 11.4 19 8 
10.9 
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TABLE 5—Continued TABLE 6—Continued 
ARRANGED ACCORDING TO ARRANGED ACCORDING TO 
COs CO Total CO: CO Total 
Continued 
8.3 10.0 0 19.3 _ 
11.0 8.0 0 19.0 83 10.7 0 19.0 i 
11.0 8.4 0 19.4 83 10.7 0 19.0 
11.0 8.4 0 19.4 8.3 11.0 0 19 3 
11.0 8.5 0 19.5 83 11.6 0 19 9 
11.0 8.5 0 19.5 8.3 12.2 03 20.8 
11.0 8.5 0 19.5 Aver 8.3 1.0 0.1 
11.0 8.3 0 19.3 
11.0 8.2 0 19.2 i 
Aver....... 11.0 8.4 0 8.2 11.0 0 19.2 - 
8.2 11.0 0 19.2 
11.1 8.2 0 19.3 8.2 11.1 0 19.3 cat 
11.1 8.2 0 19.3 8.2 11.1 0 19.3 J 
11.1 8.5 0 19.6 8.2 11.3 0 19.5 
11.1 7.9 0 19.0 8.2 113 0 19 5 
Aver 11.1 8.2 Aver 82 111 0 : 
11.2 8.0 0 19.2 
11.2 80 0 19.2 8.1 11.0 0 19.1 
11.2 8.0 0 19.2 8.1 7 0 19.8 
Aver....... 11.2 8.0 0 8.1 11.8 0 9.9 
Aver. 8.1 11.5 0 
11.3 8.2 0 19.5 8.0 11.0 0 19.0 
11.3 19.0 8.0 11.2 0 19.2 
Aver 11.3 8.0 0 80 12 0 19 2 x 
8.0 11.2 0 19.2 
11.4 7.6 ° 19.0 8.0 11.8 0 19.8 
Aver......5 14 7.9 0 
7.9 11.1 0 19.0 j 
11.5 7.8 0 19.3 7.9 11.5 0 19.4 
11.5 7.8 0 19.3 7.9 11.6 0 19.5 
11.5 7.5 0 19.0 Aver. 7.9 114 0 
11.5 7.5 0 19.0 j 
1.5 7.9 0 9. “ 
11.5 0 19.3 
11.6 7.4 0 19.0 
sd 7.8 11.6 0 19.4 
11.6 7.4 0 19.0 
73 11.7 0 19.5 
11.6 8.3 0 19.9 4 
7.8 11.8 0 19.6 
11.6 7.8 0 19.4 78 
Aver....... 11.6 7.9 0 ; 
11.7 7.6 0 19.3 Pe 11.3 0 19.0 
11.7 7.6 0 19.3 77 11.4 0 19.1 
11.7 8.1 0 19.8 A 11.9 0 19.6 
11.7 7.8 0 19.5 23 12.1 0 19.8 
11.7 7.4 0 19.1 7.7 13.3 0 21.0 


= 
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TABLE 5—Continued 


COMBUSTION AND BOILER EFFICIENCY 


Six Hour AVERAGE SAMPLES 


ARRANGED ACCORDING TO CO:2 


ooocococo 


cwooooooo 


coco 


Total 


19.0 
19.1 
19.1 
19.9 
19.8 
19.6 


19.6 
19.2 


19.0 
19.0 
19.0 


19.9 
19.7 
19.8 
19.2 
19.3 
19.4 


19.5 
19.0 
19.1 
19.2 
19.6 
19.8 
19.8 
20.8 


19.0 
19.3 


19.6 
19.6 


19.6 
19.0 
19.5 
19.4 


19.2 
19.1 
19.8 


TABLE 6—Continued 


ARRANGED ACCORDING TO O 


ooeocooco 


ooo 


ooc 


Total 


19.0 
19.3 
19.3 
19.7 
19.8 
19.8 


19.0 
19.0 


19.0 
19.1 
19.6 


19.1 
19.1 
19.2 
19.4 
19.5 


19.0 
19.3 
19.6 
19.8 
19.6 


19.2 


19.6 


19.0 
19.2 
19.3 
19.5 


19.0 
19.1 


19.0 
19.5 


19.0 
19.0 
19.2 


CO: oO co oO COs co 
11.8 7.2 7.6 11.4 
11.8 7.3 7.6 11.7 . 
11.8 7.3 7.6 11.7 
: 11.8 8.1 7.6 12.1 
11.8 8.0 7.6 12.2 
11.8 7.8 7.6 12.2 
11-8 7.6 Aver....... 7.6 11.9 
11.9 7.7 0 7.5 11.5 
11.9 7.3 0 7.5 11.5 
Aver....... 11.9 7.5 0 Aver....... 7.5 11.5 
t12.0 6.6 0.4 7.4 11.6 
12.0 69 O01 7.4 11.7 
12.0 7.0 0 7.4 12.2 
BS 6.8 0.2 11.8 
12.1 7.8 7.3 11.8 
12.1 7.6 7.3 11.8 
12.1 7.1 7.3 11.9 
12.1 7.2 7.3 12.1 
12.1 7.2 7.3 12.2 
12.1 7.3 Aver....... 7.3 12.0 
Aver....... 12.1 7.5 
7.2 11.8 
12.2 7.3 7.2 12.1 
12.2 6.8 7.2 12.4 
12.2 6.9 7.2 12.6 
12.2 7.0 7.2 12.4 
12.2 7.4 12:3 
12.2 7.6 
12.2 7.6 7.1 12.1 0 = 
12.2 83 0 7.1 12.5 0 = 
Aver....... 12.2 7.4 Aver....... 7.1 12.3 
12.3 6.6 0.1 7.0 12.0 
12.3 7.0 0 70 8612.2 
Aver....... 12.3 68 0.1 
7.0 12.5 0 
12.4 72 0 12.3 0 
Aver....... 69 12.1 0.1 
12.5 7.1 
12.5 6.5 6.8 12.2 0 
: 12.5 7.0 6.8 12.7 0 
Aver....... 12.5 6.9 Aver....... 6.8 12.5 0 
12.6 6.6 6.6 12.0 04 
12.6 6.5 6.6 12.3 0.1 
12.6 7.2 6.6 12.6 0 
BP... BS 6.8 Aver....... 6.6 12.3 0.2 


aS 
oo co o none 


ow 


V Aaa 
soot’ 


TABLE 1—Continued 
ARRANGED AccorRDING TO CO: 


co 


0 
0 
0 


0 
0 


ooo 
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Srx Hour AveraGe SAMPLES 


Total 


19.0 
19.5 


19.0 
19.0 


19.1 
19.1 
19.4 
19.2 


19.1 
19.6 


19.1 
19.0 


19.3 
19.0 
21.0 
19.6 


19.0 


19.2 


19.0 
19.8 
19.8 


TABLE 1—Continued 


ARRANGED AccORDING TO O 


CO: co 
12.5 0 
12.6 0 
12.6 0 
13.0 0 
13.2 0 
13.1 0 
12.7 0 
12.8 0 
12.8 0 
13.0 0 
12.9 0 
13.0 0 
13.3 0 
12.8 0 
12.8 0 
13.0 0 
13.1 0 
13.2 0 
13.2 0 
13.2 0.2 
13.3 0.2 
13.7 
13.5 0.1 
13.8 0 
13.6 0.3 
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Total 


19.0 
19.1 


19.4 
19.6 


19.0 


| 
4 
. 12.7 6.3 6.5 
12.7 6.8 6.5 
Aver....... 12.7 6.6 Aver....... 6.5 
12.8 6 6.4 : 
12.8 6 6.4 
Aver....... 12.8 6 | Aver........ 6.4 4 Fe 
13.0 0 6.3 19.0 
13.0 0 
13.0 0 6.2 19.0 
13.0 0 6.2 19.0 j 4 
Aver....... 13.0 0 6.2 19.2 : A 
13.1 0 i 6.1 19.1 
13.2 0 6.0 19.3 ee 
13.2 0 6.0 18.8 
13.2 0.2 6.0 18.8 
Aver....... 13.2 0.1 AVG 62 
13.3 6.0 0 5.9 19.0 . 
13.3 5.5 0.2 5.9 19.1 | 
13.3 0 AVG 69 
Aver....... 6.4 0.1 
5.6 19.0 
13.5 6.1 0 
5.5 19.0 : 
13.6 (0.3 = 5.5 19.2 
BS 
13.7 5.5 0 = 
5.2 19.0 
13.8 
13.8 5.1 
13.8 
Aver....... 18.8 0 


COs 


19.3 


TABLE 7 


ARRANGED AccoRDING TO CO: 


oO 


10.5 


10.4 


Hour AVERAGE SAMPLES 


oO 


10.7 


COMBUSTION AND BOILER EFFICIENCY 


TABLE 8 


COs 


8.0 
8.0 


8.0 


10.2 


ARRANGED ACCORDING TO O 


co 


0.1 


0.1 


0.1 


0.1 


0.1 


wor 


= 


Total 


2060 
|_| | co Total || |__| 
8.0 0.1 18.6 18.8 
8.0 10.7 0.1 18.8 
8.0 10.1 0.1 18.2 10.5 = 18.6 
: Aver....... 8.0 | | 0.1 
10.1 = = 18.2 
8.5 9.9 0.1 18.5 9.9 8.5 = 18.5 
8.7 9.8 0.1 18.6 98 8.7 = 18.6 
9.0 9.4 0.2 18.6 9.4 9.0 0.2 18.6 
9.4 92 O1 18.7 
9.2 re 18.7 Aver....... 9.4 91 02 
= 8.7 0.4 18.4 
93 9.6 0 18.9 
9.4 8.9 0.2 18.5 9.3 9.6 0 18.9 
Avet....... @3 9.6 0 
9.5 8.5 0 18.0 
9.1 9.8 0 18.9 
9.6 9.3 0 18.9 
9.6 88 0.2 18.6 = 
> 9.0 9.7 18.8 
Aver....... 96 91 
8.9 94 18.5 
8.9 97 18.8 
: 9.7 8.9 0.2 18.8 8.9 99 18.9 ‘ 
19.7 8.1 0.4 18.2 Aver....... 8.9 97 
9.7 90 18.8 
OF 8.7 0.2 
; 8.8 9.6 18.6 
8.8 9.8 18.7 
19.8 8.2 0.4 18.4 88 9.9 18.8 
9.8 88 0.1 18.7 Aver....... 88 98 
9.8 9.1 0 18.9 
Aver....... 9.8 8.7 0.2 
8.7 93 0.4 18.4 
9.9 8.9 01 18.9 
8.7 10.0 860.1 18.8 
9.9 88 0.1 18.8 A 
Aver....... 9.9 89 0.1 
10.0 8.3 183 = 
t10.0 8.1 0.3 18.4 
10.0 8.7 0.1 18.8 
10.0 8.7 0.1 18.8 8A 
Aver....... 10.0 8.4 0.2 83 10.5 01 18.9 
t10.1 7.9 0.4 18.4 8.2 98 04 18.4 
t10.1 7.5 0.5 18.1 8.2 10.2 0 18.4 
110.1 7.7 04 18.2 8.2 10.4 0.2 18.8 
Aver....... 10.1 ©6060 6a Aver....... 8.2 10.1 0.2 
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TABLE 7—Continued TABLE 8—Continued 
ARRANGED AccorDING TO CO: ARRANGED AccorRDING TO O 
CO: Oo co Total Oo CO: co Total ™ 
10.2 86 0.1 18.9 8.1 97 0.4 18.2 3 = 
t10.2 78 0.3 18.3 8.1 0.0 0.3 18.4 : 
10.2 8.2 0 18.4 8.1 10.0 0.3 18.4 # 
Aver....... 10.2 8.2 0.1 8.1 10.4 0.2 18.7 
Aver 8.1 10.0 0.3 
10.3 8.0 0.2 18.5 
10.3 8.0 0.2 18.5 80 10.3 02 18.5 3 
Aver 10 3 8.0 0.2 8.0 10.3 0.2 18.5 
80 10.5 0.2 18.7 
10.4 8.1 0.2 18.7 8.0 10.6 0.1 18.7 
10.4 8.2 0.2 18.8 8.0 10.8 0.1 18.9 : 
10.4 8.4 0.1 18.9 Aver 8.0 10.5 0.1 
10.4 8.2 0.2 
7.9 10.1 0.4 18.4 
10.5 8.0 0.2 18.7 7.9 11.0 0 18.9 
10.5 78 0.2 18.5 Aver 7.9 0.6 02 A 
10.5 8.3 0.1 18.9 
Aver....... 10.5 8.0 0.2 7.8 10.2 0.3 18.3 : 
7.8 10.5 0.2 18.5 
10.6 80 O01 18.7 7.8 no 60.1 18.9 ’ 
10.6 7.7 0.2 18.5 Aver 7.8 10.6 0.2 
10.6 7.9 0.2 
77 10.1 0.4 18.2 
$10.7 73 0.3 18.3 7.7 10.6 0.2 18.5 
10.7 7.2 0.4 18.3 77 11.1 0.1 18.9 
Aver....... 10.7 7.3 0.4 Aver 7.7 10.6 0.2 
110.8 7.5 0.3 18.6 7.6 1.0 0.2 18.8 
10.8 8.0 0.1 18.9 7.6 11.0 0.1 18.7 
Aver....... 10.8 7.8 60.2 Aver....... 7.6 1.0 0.2 
10.9 7.5 0.3 18.6 7.5 10.0 05 18.1 | 
10.9 7.2 0.2 18.3 
Aver....... 09 74 0.2 
7.5 10.9 0.2 18.6 
7.5 11.0 0.1 18.6 
11.0 7.5 0.1 18.6 7.5 11.1 0.1 18.7 
t11.0 7.1 0.3 18.4 7.5 11.2 0.2 18.9 
t11.0 6.5 0.5 18.0 7.5 11.4 0 18.9 ; 
t11.0 6.5 0.5 18.0 Aver....... 7.5 10.9 0.2 
t11.0 7.3 0.3 18.6 
7.8 8.9 7.4 11.0 0.2 18.6 
‘ 11.0 7.4 0.2 18.6 
7.4 0.2 18.6 
t11.0 7.2 0.3 18.5 
7.4 0.1 18.9 
$11.0 7.2 0.3 18.5 
$11.0 7.0 0.4 18.4 
‘ 11.0 7.4 0.2 18.6 7.3 10.7 0.3 18.3 
11.0 18.9 7.3 11.0 03 18.6 
11.0 7.6 0.2 18.8 73 11.4 0.2 18.9 
11.0 7.6 0.1 18.7 7.3 1.5 0.1 18.9 


Aver....... 11.0 7.2 0.3 Aver....... 730 «M2 (02 


q 
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TABLE 7—Continued 


ARRANGED AccorpDING TO COz 


COs CO ‘Total 
11.1 18.7 
ti1.1 72 0.3 18.6 
71 632 18.5 
11.1 18.9 
11.1 7.4 0.2 
11.2 7.5 0.2 18.9 
t11.2 6.8 0.4 18.4 
Aver....... 11.2 73 | 
11.3 7.0 0.2 18.5 
$11.3 6.7 0.3 18.3 
11.3 7.0 0.2 18.5 
t11.3 6.9 0.3 18.5 
Aver....... 11.3 6.9 0.3 
11.4 74 0.1 18.9 
11.4 7.3 0.2 18.9 
11.4 74 64 18.6 
11.4 7.5 00 18.9 
11.4 6.9 0.2 18.5 
11.4 7.1 0.2 18.7 
11.4 7.2 0.1 18.7 
11.4 7.2 18.7 
11.4 7.1 0.2 18.7 
t11.5 6.7 0.3 18.5 
11.5 7.2 0.1 18.8 
t11.5 65 0.3 18.3 
11.5 7.2 0.1 18.8 
11.5 6.6 860.3 18.4 
11.5 7.2 0.1 8.8 
+ 11.5 6.3 0.4 18.2 
11.5 7.1 0.2 18.8 
11.5 7.3 0.1 18 9 
11.5 730 18.9 
{11.5 62 0.4 18.1 
6.0 860.5 18.0 
11.5 6.1 0.7 18.3 
6.2 0.5 18.2 
11.5 7.2 0.1 18.8 
t11.5 6.5 18.3 
t11.5 6.1 0.5 18.1 
f11.5 66 70.3 18.4 
t11.5 6.3 [0.5 18.3 
Aver....... 11.5 67 860.3 
11.6 7.1 0.1 18.8 
11.6 6.7 0.2 18.5 
t11.6 66 860.3 18.5 
Aver....... 11.6 68 0.2 


COMBUSTION AND BOILER EFFICIENCY 


TABLE 2—Continued 


ARRANGED AccorRDING TO O 


co 


co. = Total 
7.2 10.7 0.4 18.3 7 
7.2 10.9 02 18.3 
7.2 1.0 0.3 18.5 
7.2 1.0 0.3 18.5 
7.2 (0.2 18.6 
7.2 0.1 18.7 
7.2 600.1 18.7 
7.2 18.8 
7.2 1.5 Oo! 18.8 
7.2 1.5 0.1 18.8 
7.2 1.5 01 18.8 
Aver....... 7.2 1.2 0.2 
1 1.0 03 18.4 
860.3 18.5 
0.1 18.6 
a 1.4 0.2 18.7, 
a 0.2 18.7 
A 1.5 0.2 18.8 
1.6 0.1 18.8 
Aver....... 1.3 0.2 
7.0 1.0 04 18.4 
7.0 11.3 0.2 18.5 
7.0 13 02 18.15 
7.0 1.7 0.1 18.8 
7.0 1.8 0.1 18.9 
7.0 ug 0.1 18.9 
Aver....... 7.0 1.5 0.2 
6.9 13 03 18.5 
6.9 1.4 0.2 18.5 
6.9 11.7 0.2 18.8 
6.9 1.8 0.2 18.9 
Aver....... 6.9 11.6 0.2 
6.8 11.2 0.4 18.4 
6.8 12.0 0.1 18.9 
Aver....... 6.8 11.6 0.3 
6.7 11.0 0.4 18.1 
6.7 1.3 0.3 18.3 
6.7 1.5 0.8 18.5 
6.7 11.6 0.2 18.5 
6.7 12.0 0.1 18.8 
6.7 12.0 0.1 18.8 
6.7 12.1 18.9 


Aver 


Aver 


Aver 


Aver 


Aver 
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TABLE 7—Continued TABLE 8—Continued 


ARRANGED AccORDING TO CO: ARRANGED AccORDING TO O 


COs oO co Total Oo CO: co 
t11.7 6.0 0.4 18.1 6.6 11.5 0.3 
11.7 6.9 0.2 18.8 6.6 11.5 0.3 
t11.7 6.3 0.3 18.3 6.6 11.6 0.3 
11.7 7.0 0.1 18.8 6.6 12.0 0.2 
111.7 6.4 0.3 18.4 6.6 12.0 0.1 
11.7 6.5 0.3 6.6 12.0 0.1 
6.6 12.1 0.1 
6.6 11.8 0.2 
11.8 7.0 0.1 18.9 
t11.8 54 04 17.6 
tl1.8 62 0.3 18.3 6.5 1.0 860.5 
f11.8 5.9 0.5 18.2 6.5 11.0 0.5 
11.8 6.9 0.2 18.9 6.5 11.5 0.3 
11.8 7.0 0.1 18.9 6.5 11.5 0.3 
t11.8 5.8 0.5 18.1 6.5 12.0 0.2 
11.8 6.3 0.3 18 6.5 12.0 0.2 
6.5 12.1 0.1 
6.5 12.1 0.3 
T11.9 03 18.4 6.5 12.2 0.1 
t11.9 6.1 0.3 18.3 6.5 12.3 0 
t11.9 6.0 0.4 18.3 Rca: Ge 11.8 0.3 
11.9 6.1 0.3 
6.4 11.7 0.3 
12.0 6.5 0.2 18.7 6.4 12.0 0.2 
t12.0 5.7 0.4 18.1 6.4 12.1 0.2 
112.0 58 0.4 18.2 Aver....... 6.4 19 0.2 
12.0 6.7 0.1 18.8 
12.0 6.3 0.2 18.5 
t12.0 6.3 0.3 18.6 
t12.0 6.1 0.3 18.4 6.3 11.5 0.4 
12.0 6.8 0.1 18.9 6.3 11.5 0.5 
12.0 66 O1 18.7 
12.0 67 188 68 
12 0 6.6 0.1 18.7 Aver osveoce 6.3 ll 7 0 3 
t12.0 6.1 0.3 18.4 
t12.0 6.2 0.3 18.5 
12.0 6.4 0.2 18.6 6.2 11.5 0.4 
712.0 5.8 0.4 18.2 6.2 11.5 0.5 
12.0 6.5 0.2 18.7 6.2 11.8 0.3 
12.0 6.3 0.2 6.2 11.9 0.3 
6.2 12.0 0.3 
6.2 12.1 0.3 
12.1 6.7 0.1 18.9 6.2 12.2 0.2 
712.1 6.2 0.3 18.6 6.2 12.3 0.2 
12.1 6.4 0.2 18.7 6.2 12.3 0.2 
f12.1 6.1 0.4 18.6 6.2 12.3 0.1 
12.1 6.6 0.1 18.8 6.2 12.3 0.2 
12.1 6.5 0.1 18.7 6.2 12.4 0.2 
12.1 6.5 0.3 18.9 6.2 12.6 0.1 
12.1 64 0.2 Aver....... 6.2 12.1 0.3 


2063 
18.4 
18.4 
18.5 ¢ 
18.8 
18.7 ; 
18.7 
18.8 
18.0 
18.0 
18.3 
18.3 
18.7 | 
18.7 
18.7 
18.9 
18.8 
18.8 
18.4 
18.6 
18.7 | 
18.2 = 
18.3 
18.3 
18.5 
18.6 
18.1 
18.2 
18.3 
18.5 
18.6 3 
18.7 
18.7 
18.6 
18.7 
18.8 
18.9 
| 
x 


TABLE 7—Continued 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
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Six Hour AVERAGE SAMPLES 


ARRANGED ACCORDING TO CO: 


Total 


18.6 
18.8 
18.8 
18.6 
18.0 
18.2 


18.0 


TABLE 8—Continued 


ARRANGED ACCORDING TO © 


AA 


wm 


T otal 


ao 


2964 
12.2 62 0.2 11.5 0.7 18.3 
12.2 65 0.1 1.5006 (0.5 18.1 
t12.2 6.1 0.5 1.9 0.3 18.3 
f12.2 6.1 03 12.0 0.3 18 4 
12.2 5.8 0 120 0.3 18 4 
f12.2 5.6 0.4 12.1 °0.4 18.6 
Aver....... 12.2 6.1 0.3 12.2 05 18.8 
12.2 03 18.6 
13.0 0 19.1 
$12.3 5.0 0.7 | 13.1 0 19.2 
12.3 5.9 0.3 18.5 13.5 0 19.6 
12.3 6.0 03 18.6 Aver....... 2.3 03 
12.3 6.5 0 18.8 
12.3 6.2 0.2 18.7 6.0 il 18.0 
t12.3 6.0 0.3 18.6 6.0 11 18.1 
{12.3 5.7 0.3 18.3 6.0 1 18.3 
12.3 62 0.2 18.7 6.0 12 18.6 
12.3 62 01 18.6 6.0 12 18.6 
12.3 62 02 18.7 6.0 12 18.7 
Aver....... 12.3 6.0 8603 6.0 12 18.9 
6.0 12 18.9 
Aver..... 6.0 12 
t12.4 5.2 60.5 18.1 
t12.4 5.5, 0.4 18.3 5.9 ll 
t12.4 5.5 (0.4 18.3 5.9 12 
t12.4 54 0.4 18.2 5.9 12 ; 
12.4 62 0.2 18.8 Aver....... 5.9 12 
t12.4 56 0.3 18.3 
Aver....... 12.4 56 04 5.8 1.8 0 
5.8 12.0 0 
5.8 12.0 0 
112.5 5.1 0.4 18.0 5.8 12.2 
t12.5 5.0 0.6 18.1 5.8 12.7 0 
12.5 6.0 02 18.7 5.8 128 0 a 
t12.5 5.0 0.7 18.2 5.8 122.9 0 
Aver....... 12.5 5.3 0.5 Aver....... 5.8 12.3 0 
5.7 122.0 0 
12.6 6.2 0.1 18.9 5.7 12.3 60 
{12.6 52 04 18.2 5.7 12.6 0 
112.6 5.2 0.4 18.2 5.7 12.7 0 
t12.6 6.0 0.3 18.9 5.7 12.9 0 
$12.6 8.7 0.3 18.6 6.7 12.5 0 
BS 5.7 0.3 5.6 12.2 0 18.2 
5.6 124 0 18.3 
5.6 128 0 18.7 
12.7 5.9 1 18.7 
5.6 13.1 0 18.8 
t12.7 5.1 4 18.2 
12.7 5.8 2 18.7 eet 
12.7 5.3 4 18.4 5.5 124 0 18.3 
12.7 5.7 2 18.6 5.5 124 0 18.3 
{12.7 5.3 3 18.3 5.5 13.0 0 18.8 
Aver....... 12.7 5.5 3 CS 12.6 0 
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TABLE 7—Continued TABLE 8—Continued 
ARRANGED AccoRDING TO CO? ARRANGED ACCORDING TO O 
CO: Oo co Total Oo CO: co Total & 
t12.8 5.6 0.3 18.7 5.4 11.8 0.4 17.6 
$12.8 5.3 0.3 18.4 5.4 12.4 0.4 18.2 3 
12.8 5.8 0.2 18.8 5.4 12.8 0.3 18.5 
12.8 5.1 0.4 18.3 5.4 13.0 0.2 18.6 
$12.8 5.4 0.3 18.5 5.4 13.0 0.3 18.7 
12.5 6.0 0.1 18.9 5.4 13.1 0.1 18.6 P 
t12.8 5.6 0.3 18.7 5.4 12.7 0.3 
t12.8 4.6 0.6 18.0 
12.8 5.4 0.3 


12.9 5.8 18.8 53 28 «(63 
12.9 5.7 0.2 18.8 
a 58 5.3 13.3° 0.2 18.8 
Aver....... 5.3 122.9 0.3 
13.0 5.4 0.2 18.6 
+13.0 5.4 0.3 18.7 5.2 12.4 0.5 18.1 
+13.0 5.2 0.3 18.5 5.2 12.6 0.4 18.2 
t13.0 5.1 0.4 18.5 5.2 12.6 0.4 18.2 
$13.0 5.1 0.4 18.5 5.2 13.0 03 18.5 
t13.0 5.5 18.8 5.2 13.4 0.1 18.7 
13.0 5.4 0.2 18.6 Aver....... 5.2 12.8 0.3 
13.0 5.3 0.3 
5.1 12.7 0.4 18.2 
13.1 5.4 0.1 18.6 
5.1 12.7 0.4 18.2 | 
13.1 5.6 0.1 18.8 
5.1 12.8 0.4 18.4 
t13.1 4.7 0.5 18.3 
5.1 13.0 0.4 18.5 
t13.1 5.0 18.5 
a3 5.1 13.0 0.4 18.5 
13.2 4.0 0.8 18.0 
$13.2 5.0 0.3 18.5 5.0 12.3 0.7 18.0 
4.5 0.5 18.2 5.0 12.5 0.6 18.1 
Aver....... 13.2 4.5 0.5 5.0 12.5 0.7 18.2 ; 
5.0 13.1 0.4 18.5 ; 
t13.3 5.0 860.3 18.6 5.0 13.2 0.3 18.5 
13.3 4.7 0.4 18.4 5.0 13.3 0.3 18.6 
13.3 5.3 0.2 18.8 Aver....... 5.0 12.8 0.5 
t13.3 4.9 0.3 18.5 
Aver...... 13.3 5.0 0.3 4.9 13.1 0.2 18.2 . 
4.9 13.3 0.3 18.5 ‘ 
13.4 5.2 0.1 18.7 49 38 03 
18.5 4.9 13.8 0.1 18.8 
4.9 13.8 0.2 18.9 
$13.5 48 0.3 18.6 
4.9 13.9 O01 18.9 
{13.5 49 0.3 18.7 Py” 68 
{13.6 42 04 182 16 BS 
4.6 0.5 18.7 
13.6 46 03 18.5 4.7 13.1 0.5 18.3 
T13.6 4.6 0.3 18.5 17 13 3 o4 18 4 
Aver......- 13.6 4.5 0.4 4.7 13.2 0.5 
ot 


4 
a. 
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TABLE 7—Continued TABLE 8—Continued 
ARRANGED AccorpING TO CO: ARRANGED AccorDING To O 

CO: r@) co Total Oo CO: co Total 
$13.7 4.3 0.3 18.3 4.6 12.8 0.6 18.0 
$13.7 4.3 0.4 18.4 4.6 13.6 0.5 18.7 
$13.7 4.3 0.4 18.4 4.6 13.6 0.3 18.5 
ee 13.7 4.3 0.4 4.6 13.6 0.3 18.5 

ere 4.6 13.4 0.4 
13.8 4.9 0.1 18.8 4.5 13.2 0.5 18.2 
13.8 4.9 0.2 18.9 4.5 13.8 0.3 18.6 

t13.8 4.5 0.3 18.6 4.5 13.5 0.4 

13.8 4.7 0.2 


13.9 4.9 0.1 18.9 4.3 13.7 0.3 18.4 
Avet....... 43 13.7 0.4 


OrsaT READINGS 


TABLE 9 TABLE 10 
ARRANGED ACCORDING TO COs ARRANGED AccorRDING To O 
CO: co Total CO2 co Total 
9.8 8.0 0.3 18.1 9.9 10.0 0 19.9 
10.0 9.9 0 19.9 9.7 10.2 0 19.9 
10.2 9.7 0 19.9 9.0 11.0 0 20.0 
11.0 8.3 0 19.3 8.3 11.0 0 19.3 
11.0 9.0 0 20.0 
Aver....... 11.0 8.7 0 19.7 80 4 0 194 
8.0 9.8 0.3 18.1 
"4 8.0 0 19.4 10.6 0.2 18.8 
11.5 6.1 0.3 17.9 7.8 11.6 0 19.4 
11.6 7.8 0 19.4 7.3 12.0 0 19.3 


11.8 6.5 0.2 18.5 7.1 12.5 0 19.6 


43 13.7 0.4 18.3 
43 18.7 O4 18.4 
42 135 O04 18.1 
42 136 18.2 
Aver....... 42 13.6 04 
40 13.2 08 18.0 
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TABLE 9—Continued TABLE 10—Continued 
ARRANGED AccoRDING TO CO: ARRANGED ACCORDING TO O is: 
CO: CO Total CO: CO Total 
12.0 7.3 0 19.3 7.0 12.0 0 19.0 
12.0 7.0 0 19.0 
Aver.....0. 12.0 7.2 0 19.2 68 13.2 0 20.0 
12.3 6.1 0.2 18.6 6.7 13.0 0 19.7 BS b 
12.3 6.7 0 19.0 6.7 12.3 0 19.0 , 
12.3 6.4 0.1 18.8 Aver....... 6.7 12.7 0 19 4 
12.5 7.1 0 19.6 66 128 0 19.4 “Se i 
12.7 6.3 0 19.0 6.5 us 0.2 18.5 
12.8 6.6 0 19.4 6.3 13.7 0 20.0 
6.3 12.7 0 19.0 
13.0 6.7 0 19.7 6.3 13.8 0 20.1 ss ‘ 
13.0 5.5 O01 18.6 6.3 13 6 0 19.9 
per 13.0 6.1 0.1 19.2 6.3 13.5 0 19.8 ‘ 
Aver....... 6.3 13.5 0 19.8 
13.2 5.0 60.2 18.4 
13.2 6.2 0 19.4 6.2 13.2 0 19.4 
13.2 6.8 0 20.0 6.2 13.5 0 19.7 
Aver....... 13.2 6.0 0.1 19.3 Aver....... 6.2 13.4 0 19.6 : 
13.4 5.8 o 619.2 6.1 123 0.2 18.6 
6.1 1.5 03 17.9 
13.5 6.3 0 19.8 
Aver....... 6.1 1.9 
} 13.5 5.5 0 19.0 = 
13.5 5.3 0 18.8 ¢ 
13.5 5.0 0.2 18.7 6.0 13.8 9 19.8 3 
Aver....... 13.5 5.7 0 19.2 
wes Aver....... 6.0 13.9 0 19.9 
13.6 5.8 0 19.4 
13.6 44 0.3 18.3 5.9 14.1 0 20.0 
13.6 6.3 0 19.9 
Aver....... 13.6 550 OO. 19.2 5.8 13.4 0 19.2 j 
5.8 13.6 0 19.4 : 
13.7 6.3 0 20.0 (een 5.8 13.5 0 19.3 
13.8 6.0 0 19.8 5.5 13.0 0.1 18.6 
13.8 6.0 0 19.8 5.5 13.5 19.0 
13.8 6.3 0 20.1 Aver....... 5.5 13.3 0.1 18.8 ; 
Aver....... 13.8 6.1 0 19.9 
t*14.0 21 17.2 o 
5.4 14.4 0 19.8 
14.0 5.1 0 19.1 
14.0 44 0.3 18.7 5.3 13.5 0 18.8 ; 
5.3 14.2 0 19.5 
14.1 5.9 0 20.0 5.3 14.3 0 19.6 | 
14.1 5.4 0 19.5 Aver....... 5.3 14.0 0 19.3 ; 
14.1 4.9 0 19.0 
14.1 5.4 0 19.5 
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TABLE 9—Continued 


ARRANGED AccorDING TO CO? 


oO co Total 
t*14.2 2.8 0.7 17.7 

14.2 5.3 0 19.5 

14.2 4.1 0.3 18.6 
14.3 5.3 0 19.6 

+*14.3 0.8 17.2 
Aver....... 14.3 3.7 0.4 18.4 
14.4 4.1 0.2 18.7 

14.4 4.2 0.1 18.7 

1*14.4 2.6 0.5 17.5 

14.4 5.4 0 19.8 

~*14.4 3.4 0.5 18.3 

14.4 5.1 0 19.5 

14.4 4.1 0.2 18.8 
14.5 5.1 0 19.6 

14.5 5.1 0 19.6 

1714.5 2.0 0.7 17.2 

14.5 4.3 0.1 18.9 

14.5 2.0 1.0 17.5 

ere 14.5 3.7 0.4 18.6 
14.6 2.3 0.9 17.8 

+*14.6 3.0 0.5 1 

14.6 2.0 1.0 17.6 

14.6 oy 0.8 17.1 

BS 2.3 0.8 17.7 
$*14.7 1.6 0.9 17.2 

+*14.7 2.0 0.6 17.3 

+*14.7 1.6 0.9 17.2 

+*14.7 2.7 0.7 18.1 

14.7 4.0 0.1 18.8 

2.4 0.6 17.7 
714.8 2.9 0.5 18.2 

14.8 3.1 0.3 18.2 

714.8 1.2 1.1 17.1 

14.8 4.4 0 19.2 

14.8 4.4 0 19.2 

AVR MS 3.2 0.4 18.4 
+*15.0 2.2 0.6 17.8 

t*15.0 2.2 0.5 17.7 

15.0 $3 0.2 18.5 

15.0 3.0 0.3 18.3 


Continued on next page 


TABLE 


ARRANGED 


oO 


oor or 


ooo 
—) 


ow wow 


ocoo 


w 
om 


ow w 


10—Continued 


AcCORDING TO © 


co 
14.4 0 
14.5 0 
14.0 0 
14.5 0 
14.4 0 
13.5 0.2 
13.2 0.2 
13.4 0.2 
14.1 0 
15.1 0 
13.6 0.3 
14.8 0 
14.8 0 
14.4 0.1 
14.5 0.1 
15.5 0 
14.0 0.2 
14.7 0.1 
15.3 0 
14.4 0.1 
14.9 0 
15.0 0 
14.4 0.2 
14.7 0.1 
15.5 0 
14.7 0.1 
15.5 0 
15.2 0 
5.0 0 
5.2 0 
5.1 0 
16.3 0 
15.8 0 
16.1 0 
15.5 0 
16.0 0 
16.1 0 
15.4 0 
15.8 0 


Total 


19 5 
19.6 
19.1 
19.6 
19.5 


18.7 
18.4 
18.6 


a9 


Aver....... 
i 
4.9 19.0 
4.7 19.8 
4.4 18 3 
4.4 19.2 
4.4 19.2 
Is. 9 
4. Is 9 
4. 19.8 
4. 18.5 
19.1 
1 
1 
19.1 
18.7 
18.9 
19.5 
19 
19 3 
18.8 
19.0 
18.9 
20.0 
19.5 
19.8 
3.6 19.1 
5 19.5 
5 19.6 
5 18.0 
Aver....... 3.5 19 3 
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TABLE 9—Continued TABLE 10—Continued 
ARRANGED ACCORDING TO CO» ARRANGED ACCORDING TO © ' 
CO: Oo co Total COz CO Total 
Cian 3.4 14.4 0.5 18.5 
3.3 15. 0 19 2 
y +*15.0 13 08 17.1 3.3 15. 0.2 18.5 3 
15.0 4.1 0 19.1 Aver 3.3 15.5 0.1 Is 9 : 
+*15.0 1.8 0.9 17.7 3 2 16.0 0 19 2 
t*15.0 2.2 0.8 18.0 
15.0 3.5 0.2 18.7 3.1 16.3 0 19 4 
t*15.0 1.8 0.5 17.3 3.1 14.8 0.3 18 2 
t*15.0 1.2 0.8 17.0 Aver.. 3.1 15.6 02 18 8 
1715.0 22 0.5 17.7 
115.0 18 06 174 
15.0 3.8 0 18.8 as as 
Aver....... 15.0 2.5 0.5 17.9 iF 
Aver....... 3.0 62 03 18 5 J 
15.1 4.7 0 18.9 { 
t*15.1 2.4 0.5 18.0 2.9 154 03 18 6 
15.1 42 0 19.3 29 48 05 Is 2 4 
15.1 2.4 0.5 18.0 Aver.. 2.9 15.1 04 IS 4 q 
Aver....... 15.1 3.5 0.3 18.8 j 
2.8 14.2 0.7 17.7 : 
t*15.2 2.1 0.5 17.8 
152258 
15.2 3.8 0 19.0 4 
2.6 15.6 0.3 18.5 
Aver....... 15.2 2.8 0.3 18.3 
2.6 16.5 0 19.1 
+*15.2 24 0.4 18.1 eee 26 15.5 0.3 184 ‘i 
*15.3 1.7 0.6 17.6 4 
+*13.3 1.6 0.5 17.4 5 16.6 0 19 1 
15.3 4.2 0 19.5 2.5 15.2 0.4 18.1 
Aver....... 15.3 25 0.4 18.2 Aver....... 2.5 15.9 0.2 18 6 
24 1 05 180 
15.4 3.5 0 18.9 2.4 15.1 0.4 18.0 q 
t*15.4 2.2 0.5 18.1 2.4 15.3 0.4 18.1 
15.4 2.9 0.3 18.6 Aver........ 2.4 16.2 0.5 18.0 
Aver....... 15.4 2.9 0.3 18.5 
2.3 15.7 0.3 18.3 
2.3 14.6 0.9 17.8 
15.5 4.0 0 19.5 Aver...... 2.3 15.2 0.6 18.1 
15.5 4.3 0 19.8 
15.5 3.0 860.2 18.7 2.2 15.0 06 17.8 
15.5 4.0 0 19.5 2.2 5.0 0.8 18.0 
1915.5 10 0.8 17.3 2.2 15.4 0.5 18.1 
15.5 3.6 0 19.1 2.2 15.0 0.5 17.7 
’ er 15.5 3.3 0.2 19.0 2.2 15.0 0.5 17.7 
ee 2.2 15.1 0.6 17.9 
t*15.6 2.1 0.5 18.2 2.1 15.2 0.5 17.8 
15.6 2.6 0.3 18.5 2.1 14.0 1.1 17.2 : 
t*15.6 1.9 0.4 17.9 2.1 14.3 0.8 17.2 
715.6 1.4 0.5 17.5 2.1 15.6 0.5 18.2 
15.6 2.0 0.4 18.0 2.1 14.8 0.7 17.6 
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TABLE 9—Continued 


ARRANGED AccorDING TO CO: 


CO: co 

15.7 2.3 0.3 

15.7 2.0 0.3 

15.7 2.2 0.3 
t*15.8 1.0 0.5 

15.8 3.7 0.6 

15.8 3.0 0 

er 15.8 2.6 0.2 
15.9 3.3 0 

16.0 3.5 0 

16.0 3.2 0 

t*16.0 1.1 0.8 

t*16.0 1.5 0.4 

16.0 2.3 0.3 
16.1 3.5 0 

16.2 2.0 0.2 

16.3 3.7 0 

16.3 3.1 0 

16.3 3.4 0 
16.4 1.3 0.3 

16.4 1.6 0.2 

16.4 1.5 0.2 
+*16.5 1.2 0.4 

16.5 1.8 0.2 

16.5 2.6 0 

Aver..... 16.5 1.9 0.2 
16.6 2.5 0 


TABLE 10—Continued 


ARRANGED AccorDING To O 


COMBUSTION AND BOILER EFFICIENCY 


CO: 


co 


Total re) = Total 
18.3 2.0 16.2 0.2 18.4 
18.0 2.0 14.6 1.0 17.6 
18.2 2.0 14.7 0.6 17.3 
2.0 14.5 1.0 17.5 
2.0 14.5 0.7 17.2 
17.4 2.0 15.7 0.3 18.0 
19.5 Aver....... 2.0 15.0 0.6 17.7 
18.8 
18.6 19 15.6 04 17.9 
1.8 15.0 0.5 17.3 
19.2 1.8 15.0 0.6 17.4 
1.8 15.0 0.9 17.7 
19.5 1.8 16.5 0.2 18.5 
19.2 
17.9 1.7 15.3 0.6 17.6 
17.9 1.7 14.6 0.8 17.1 
18.6 17.4 
1.6 16.4 0.2 18.2 
19.6 1.6 4.7 0.9 17.2 
1.6 15.3 0.5 17.4 
18.4 1.6 14.7 0.9 17.2 
15.3 0.6 17.5 
20.0 
19.4 1.5 16.0 0.4 17.9 
19.7 
1.4 15.6 0.5 17.5 
18.0 1.3 15.0 0.8 17.1 
18.2 1.3 16.4 0.3 18.0 
18.1 ees 15.7 0.6 17.6 
1 16.5 0.4 18.1 
18.1 1 15.0 0.8 17.0 
18.5 1 14.8 a3 17.1 
19.1 | 6.4 08 17.4 
18.6 
16.0 0.8 17.9 
19.1 1.0 15.8 0.6 17.4 
1.0 15.5 0.8 17.3 
15.7 0.7 17.4 


APPENDIX NO. 2 = 4 
CALCULATION OF HEAT CARRIED OFF BY THE FLUE GAS ; j 
NOTATION 
A = weight of air consumed in burning a weight of fuel containing 1 lb. i 
of carbon 
A, = theoretical weight of air required to burn 1 lb. of carbon ea 
Ay = theoretical weight of air required to burn 1 lb. of hydrogen vt 
A,e = weight of air in excess of that theoretically required to burn a weight 
of fuel containing 1 lb. of carbon : 
Fe = weight of fixed carbon per lb. of fuel 
Ve = weight of volatile combustible per lb. of fuel 4 
R = = = ratio of volatile combustible to fixed carbon in fuel bs é 
c 
R = tS ** = ratio of the volatile combustible to the total carbon in +2 1 
liquid or gaseous fuel icf 
O ; 
H, =H- “hes weight of available hydrogen in fuel per lb. of carbon 
O = weight of oxygen in fuel per lb. of carbon 
O 4 
Wh =O+ a weight of water of hydration in fuel per lb, of carbon : 
Wm = weight of water (moisture) in fuel per lb. of carbon q 
P, = percentage of moisture contained in air a 
P = percentage of CO: contained in flue gas i 
P. = percentage of CO contained in flue gas F. 
Pye = percentage of volatile combustible contained in flue gas, i.e., H and 
Pe = percentage of excess of air 7 
L = B.t.u. loss due to sensible heat in flue gas per lb. of carbon in fuel 
when burned with dry air 
Le = B.t.u. loss due to fuel value of CO in flue gas per lb. of carbon in fuel 
when burned with dry air 4 
Lye = B.t.u. loss due to fuel value of (H + CyHy) in flue gas per |b. of carbon : 
in fuel when burned with dry air 
Ly = B.t.u. loss due to moisture in air per lb. of carbon 
Lm = B.t.u. loss due to moisture in fuel per lb. of carbon . 
Lh = B.t.u. loss due to hydrated moisture in fuel cee. Mf 
Lt = B.t.u. loss due to all of the above losses per lb. of carbon in fuel burned a5 : 


: 
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T = temperature of flue gas on leaving boiler 
t = temperature of air in boiler house 
S = specific heat of dry flue gas 
Sw = specific heat of water vapor 
Pure air contains by weight by volume 
Oxygen (O:) 23 % 21% 
Nitrogen 77 % 79 % 
Weights (Ib.) per cu. ft. 
at 62 deg.fahr. Specific Heats (S) 


Specific heat (Sw) of HzO = 0.48 
Atomic weight of H 
Atomic weight of C = 12 
Atomic weight of O = ] 


ll 
_ 


COMPLETE COMBUSTION WITH THEORETICAL AMOUNT OF AIR 


47 One pound of carbon theoretically requires 11.6 lb. or 152 cu. ft. of air 
for complete combustion, forming 12.6 lb. of combustion product. Accord- 
ing to Avogadro’s law a molecule of CO: occupies the same space as a mole- 
cule of Oz, hence the combustion product consists of 21% COz and 79°% Ne 
by volume. Thus, when burning carbon with its theoretically required volume 
of air P = 21%, which is the maximum amount obtainable, and the heat carried 
off by the combustion products will be the minimum, viz: (Ag +1) X (7 —1)S. 
Since A, = 11.6 per lb. of carbon we have 


Substituting the value of S and reducing ,we have 


COMPLETE COMBUSTION OF CARBON WITH AN EXCESS OF AIR 


48 When carbon is burned with an excess of air (Ae), which by volume 


equals cu. ft., then 
21x 
152 + 
from which we get Ae = Sa. 11.6. The total weight of air 


P 
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A = Ac + Ag. Substituting the values of Ac and Ae, we have 


_ 21 X 11.6 
= (1+ A) X (T-121)S.......... 
Substituting the values for A and S and reducing to the lowest terms we have 
56 
The percentage of excess of air for carbon will be 
A 100 
Pe = . Substituting the values of 
2100 
Aand A, and reducing, we have P, = — 100. 


INCOMPLETE COMBUSTION OF CARBON 


49 If combustion is incomplete, i.e., if some of the carbon passes off with 
the combustion product as CO, an additional loss is sustained. Since a pound 
of carbon burned to CO develops only 4350 B.t.u. instead of 14,500 when burned 
to COs, we have a loss of 14,500 — 4350 = 10,150 B.t.u. for every pound of 
carbon which passes off as CO. 

50 The burning of carbon to CO requires only one-half the weight of air 
required for CO2; the presence of CO in the flue gas must, therefore, tend to 
make the value of A too great; but since P, is always relatively very small, 
the presence of CO will not appreciably affect the value of L. 


LOSS DUE TO CO IN FLUE GAS 


51 When the percentage of CO (Pz) is known, the heat loss due to its pres- 
ence (Le) is easily determined. The weight of carbon in a molecule of CO is 
the same as in a molecule of CO, and it follows from Avogadro’s law that the 
weight of carbon burned to CO is to that burned to CO, as the per cent of CO 
is to the per cent of CO, contained in the combustion product. Thus, letting 


X = the weight of carbon burned to CO, we have ; ~ in > from which we 
get X = p . P = carbon burned to CO per unit of carbon contained in the 

c 
fuel. Since CO burned to CO, per unit of carbon develops 10,150 B.t.u., we 
Pe 
have Le = 10,150- P " P For the total loss when dry carbon is burned with 
c 
dry air, we have Ly = L’ + Lg............. 
Substituting the values of L’ and Le, we hots 


Ik = xX (T — t) + 10,150 


P+ Pe 


3 
< 

F 
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EFFECT OF MOISTURE IN FUEL AND AIR 


52 Thus far we have considered both fuel and air to be dry, a condition 
which never exists in practice. The humidity in the air may vary from a frac- 
tion of one per cent to several per cent and commercial fuel is never dry. 
Coke or charcoal, as well as mineral coal, may contain 10% or more of moisture. 

53 Atmospheric moisture exerts a chilling effect on the fire because of its 
high specific heat and because at least part of it will be decomposed. But 
since under normal conditions the hydrogen which was set free by decomposi- 
tion will reunite with the oxygen from the air in the combustion chamber and 
will evolve as much heat there as was absorbed in the fuel bed in setting it 
free, there results no heat loss due to this double reaction. It will be neces- 
sary, therefore, to consider only the sensible heat carried off by moisture 
contained in the air, hence 


Ps 
ty = (428) x 0 


Substituting the values of A and Sy and reducing to lowest terms, we have 


54 Moisture in fuel (W,) exists in the form of water which must first be 
heated to 212 deg. and then evaporated, the vapor passing off at the tem- 
perature of the flue gas. Since the latent heat of evaporation is 966 B.t.u. 
and the specific heat of water vapor is 0.48, we have Lm = (212 — t + 966) M 
+ (T — 212) 0.48 M. Hence, when burning wet fuel with natural air, we get 
for the total loss 


[4a] 
Substituting values and reducing to lowest terms, we get 


(56 + 1.17 Pa) X (T —t) 10,150 
P 


+0.23 [(T — t) + 110 —¢ + 48 T + 966] M........... (4] 


CALCULATION OF HEAT LOST IN THE FLUE GAS WHEN HYDROGEN 
FORMS AN APPRECIABLE PART OF THE FUEL 


55 In the chemical reaction which constitutes the combustion of hydro- 
gen, 8 lb. of oxygen and 1 lb. of hydrogen unite to form 9 lb. of water vapor. 
This requires 34.8 lb. or 457 cu. ft. of air and results in 35.78 lb. of combustion 
product. In commercial flue-gas analysis no account is taken of the mois- 
ture, hence nitrogen only is determined in the combustion product from hydro- 
gen. The burning of 1 lb. of hydrogen with the theoretically required volume 
of air therefore results in 361 cu. ft. of nitrogen. 


1.17 Ps 
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56 If the fuel consists of carbon and hydrogen and is burned with the 


152 C X 21 

theoretically required air, we have P = 152 C + = : He . Placing C = 1 and 
11.6 X 21 
reducing volume to weight, P = 11.6 + - He’ If there is excess air, we have 
11.6 X 21 11.6 X 21 

.* hich we get Ag = ———— — 116 

11.6 X 21 

— 90.7 He and A = Ay + An + = = L” = 


x (T —t)S+9H, (T —t) Sw. Substituting for A, Ag, S and Sy their values 
and reducing to lowest terms we have 


L” = (0.23 ++ 6.2 Ha) X (T — t) 


57 &This formula will give correct results for anhydrous fuel containing 
hydrogen when burned with dry air, assuming complete combustion. When 
burning pure carbon fuel (coke or charcoal), CO is the only fuel constituent 
contained in the combustion product, but as soon as the fuel contains an 
appreciable amount of volatile combustible, both hydrogen and hydrocar- 
bons may appear in the fuel gas. The loss equation when burning dry hydro- 
carbon fuel with natural air becomes 


The last term of this equation will increase in importance with the volatile 
combustible (V_) in the fuel. It will be zero with coke and charcoal, insig- 
nificant with anthracite, it may approach the value of L- in bituminous, and 
will probably equal or even surpass it in liquid and gaseous hydrocarbon fuels. 

58 Because of the difficulty encountered in determining the percentage of 
H and CxHy in flue gas, little or nothing is known as to their quantitive rela- 
tion to CO, and CO. It may be assumed, however, with a considerable degree 
of certainty that if a fuel is burned to such a degree of completeness that no 
measurable amount of CO is found in the flue gas, Hand C,Hy will also be 
absent. It would even seem probable, and therefore reasonable to assume, at 
least until the contrary has been demonstrated, that in the combustion of any 
hydrocarbon fuel the absence of CO may be considered as evidence of com- 
plete combustion. But when CO is present in the flue gas from hydrocarbon 
fuel, H and CyHy constitutents must also be suspected and should be included 
in any formula which pretends to express the total loss of heat and fuel 
through the chimney, even though it is not practicable to determine these 
constituents in the daily flue-gas analyses. 

59 It is reasonable to suppose that the tendency for H and CyHy to be 
associated with CO when combustion is incomplete will increase with the vola- 
tile combustible (V_.) contained in the fuel. We may, therefore, assume that 
the percentage of H and CxHy in the flue gas is to the CO as the percentage 
of volatile combustible in the coal is to the fixed carbon. Representing the 


Pre 


Po 


latter ratio by R, we have R = , from which we get Pye = P,R. 


Z 
‘ 
Ne 
is 
i 
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= 


2076 COMBUSTION AND BOILER EFFICIENCY 


60 For liquid and gaseous fuels containing little or no fixed carbon we will 
probably not be far wrong if we assume this ratio to be equal to the ratio of 
the hydrogen and hydrocarbon combustibles to the total carbon content of 
the fuel, i.e., 

H + P. 
= C «= P, Hence Pye = P,R’ 

61 Then if we let the heat value of the hydrogen and hydrocarbon combus- 
tibles in the flue gas equal that of CO, volume for volume, we have Lye 
= 10,150 


R’ 


[5a] 
Substituting the values previously determined and reducing to lowest 
terms, we have 
(66+ 1.17 Pa) X (T t) 10,150 (Pe + Pek’) 
P P+Pe 


62 There is no experimental data at hand to prove or disprove the substan- 
tial correctness of the above relation. All that can be said in its favor is that 
it would appear reasonable that such relation exists between the CO and the 
other combustible constituents contained in flue gas. Equation [5] repre- 
sents the total heat loss up the stack when burning liquid or gaseous fuel free 
from moisture. 


Lt 


WATER OF HYDRATION 


63 All mineral coals contain water in two forms: moisture (Wy), i.e., 
water which can be driven off by drying at about 212 deg. ; and water of hydra- 
tion (Wy), which passes off at much higher temperatures with the volatile 
combustible matter, the estimation of which is ordinarily but wrongly included 
in the latter. True moisture (Wy) has already been considered. 

64 If we know the weight of oxygen contained in the coal, the water of 


hydration is determined by the equation Wy = O + gr hey 1 lb. of oxygen com- 


bines with 4 lb. of hydrogen and forms { lb. of water. We therefore have 
Ly =1.125 X O X (T — t) Sy = 0.54 X O X(T —1t). The total sensible and poten- 
tial heat carried off by the flue gas from bituminous coal therefore becomes 
Ly = L"” + Ly + Le + Lwe + Lm + In.............. [6a] 
Substituting and arranging terms, we have 
(56 + 1.17 Pa) X (T —t) + 10,150 (Pe + Pelt) 
P P+P,. 
x (7 — t) + (1100 + 0.487 + 966) M + 0.23.......... [6] 


Ly = + (0.23 + 0.54 x O) 


From these heat loss equations we see that the loss of heat by way of the chim- 
ney is the sum of a number of distinct components; and that the loss occurs in 
two ways, (a) sensible heat and (b) unconsumed combustible. 

65 When burning carbon fuel the loss components are 
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The values of thsee components are is 
56 
L’ = (0.23 + P xX (T — t) 7 
L17P, | 
Ly = P xX (T — t) a 
10,150 P, 
Le = 
P+ P, 
= (110 —t + 0.48 + 966) M 
When burning mineral coal the loss components are a 
Ly = + Ly + Le + Lyot+ Lm + In..... 
The values of these components are ; i. 
56 
LY” = (0.23 + P + 6.2 Ha) X (T — t) , 
1.17 P : 
Ly = * x (T - 1) 
P 
Pe 
Le = 10,150 — a 
P + 
Lye = 10,150 
ve P 4 : 
Im = 
In = 0.54 X O X (T — 
66 From the values of the components of equation [4a] we see that the loss ; 
due to the first three decreases directly as the CO, increases and the loss due 
to the first, second and fourth increases directly with the temperature of the 
escaping flue gases. Similarly, we see from the values of the components of 
equation [6a] that the loss decreases as the CO, increases in the first four com- A 
ponents, and increases with the flue-gas temperature in the first, second, fifth hs : P 
and sixth. | | 


4 
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NOTES ON A HEAVY-DUTY GAS PRODUCER 


By Nissper Latta, MILWAUKEE, Wis. 


Junior Member 


The heavy-duty gas engine may be said to have been developed in 
the United States to a reasonable degree of commercial acceptability. 
The adoption of this engine by the various steel companies, the eco- 
nomical operation of the engines installed and the general degree of 
reliability obtained hasestablished it upon a firm foundation as a 
recognized prime mover in this industry. The general adoption of the 
gas engine, however, and its refinement, with regard to those obstacles 
which yet remain and which can only be eliminated through a pro- 
longed process of evolution, must depend upon a wider field. Such 
expansion of field depends upon a supply of fuel suitable in uniformity 
and economy for use in the internal combustion engine. 

2 Generally speaking, the heavy-duty gas engine has been con- 
fined to those operations where either natural gas or blast-furnace gas 
was available; hence, before they can be generally adopted, some 
method for the economical manufacture of a satisfactory gas in large 
volumes must be assured. The difficulties of such manufacture have 
been many, and a few of them are herewith recited. 

3 The initial introduction of gas producers into the United States 
was unfortunate and the failure of the greater number of the first 
installations cast upon the producer a cloud of discredit which has 
never been removed entirely from the public mind. This failure was 
due, in most part, to the wrong hypothysis that because this appara- 
tus has been successful in England and on the Continent it must neces- 
sarily be so in this country. The fallacy of this idea was due to the 
single variable, the nature of the fuel used. The easily fusible ash 
contained in the English and German coals permitted a high rate of 
combustion, averaging 18lb.to 20lb. per sq. ft. of cross section. When 
operation at this rate was attempted here, it was found to be impos- 
sible to control the fire bed, the resulting temperature being such as to 
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flux and finally fuse the ash and to produce other conditions incon- 
sistent with satisfactory operation. 


4 To avoid this condition of affairs, the rating of American pro- 
ducers has steadily been decreased until the best practice now averages 
from 8 lb. to 9 lb. of fuel gasified per square foot of grate surface. 
This change has rectified to a great extent the difficulties met with in 
the introduction of the apparatus upon this side of the Atlantic. The 
success of such installations as the Tait process at the John Thompson 
Press Company and the Loomis-Pettibone plant of the Milwaukee 
Northern Railway Company are examples of the development of the 
American producers properly engineered. Such plants, however, are 
relatively small in size, while the heavy-duty gas engine for power 
purposes is essentially an apparatus of large capacity and demand. 
The average gas producer in common practice today does not exceed 
500 h.p. in size. 

5 Even at this size, and invariably beyond it, mechanical troubles 
occur which are difficult if not impossible to remedy. For instance 
in producers of great diameter there are different heat zones or strata, 
due to the difference of temperature between the center of the appara- 
tus and the sides, which are cooled to some extent by radiation. 
Moreover, the increase in diameter causes almost insurmountable 
difficulties in stoking and prevents the possibility of maintaining the 
fuel bed at a high efficiency. 


6 Again, the labor of cleaning is immeasurably increased. This 
condition of affairs is peculiarly emphasized in the case of caking or 
coking coals containing a high percentage of fines (coal under }-in. 
mesh) which tend to form a homogeneous mass, packing or caking the 
bed. Coals such as are found in Kansas or Illinois, particularly the 
former, make operation difficult under these conditions. The com- 
mercial limit of fines in the case of pressure producers seems to be 
about 15 per cent for caking coal and about 40 per cent for free-burn- 
ing coal. With the latter 65 per cent of fines is the maximum 
obtained in commercial operation. In some coals the ash fuses at an 
early stage of combustion, while others form a densely packed or 
“mucky” bed, almost like molten asphalt. 


7 The difficulty and labor of operation under these conditions 
has hitherto been met by some expedient such as mechanical agita- 
tion. The well-known Hughes producer, an instance of this type, has 
a “walking-beam”’ poker which periodically punctures and stirs the 
fuel bed. Other mechanical methods have involved the rotation of 


NISBET LATTA 2081 


one or more zones of the producer so as to turn or twist separate 
sections of the fire bed upon its own axis. Sections of the producer 
have also been caused to oscillate and such arrangements as shaking 
or rotative grates have been long and commonly used. Another 
method of agitation, perhaps more unique, is in successful practice 
in certain types of the Loomis-Pettibone apparatus, wherein com- 
pressed gas is used as the agitating medium. A certain volume of 
gas is compressed into a small storage tank or receiver, from which 
a gas-opening valve suddenly admits it under the fuel bed of the pro- 
ducer, the result being to lift the bed and redispose it, to blow out the 
ashes from the interstices of the fuel, and to refresh and make more 
active the fuel surface. This method, especially within a producer 
of moderate size, can unquestionably be commended. 

8 Nevertheless, the fact remains that although the medium-sized 
producer, of say 750 h.p., has been developed with a reasonable degree 
of commercial success, we have not as yet obtained a gas-producing 
apparatus which may be said to be a consort forthe heavy-duty 
steel-plant type gas engine of 3000 to 5000 horsepower. 

9 The argument has been presented that the solution of the 
matter consists in the use of a number of producer units and their 
connection in batteries or multiples, analogy being made with steam 
boiler practice. The installation of a 2000-h.p. steam turbine would 
not necessitate the construction of a 2000-h.p. steam boiler, but more 
likely four 500-h.p. units or even three 750-h.p. units, allowing a safe 
factor for easy steaming. This analogy fails by reason of the essen- 
tial difference in the character of the service performed. For instance, 
within certain limits the question of boiler operation means merely 
the delivery of steam at a certain pressure, the pressure regulation 
between the boilers being a matter which is comparatively simple. 
The efficient operation of a gas engine, however necessitates the deliv- 
ery not only of a continuous supply of gas, but gas of uniform composi- 
tion. This condition of affairs is made even more complex where the 
load is variable, and the process of synchronizing and maintaining 
in synchronism the multiplicity of producer units is more difficult 
in practice than it would seem theoretically. Again, there are inher- 
ent industrial disadvantages such as relatively high labor costs, 
increased cost of maintenance, and complex coal and ash-handling 
devices. 

10 The foregoing summary will briefly explain the reason for 
starting about a year ago, a series of experiments on a large-sized 
mechanically-operated producer. Although incomplete as yet, they 
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tend to show the possibilities of the manufacture of gas on a large 
scale at a low cost. 

11 The apparatus selected was of the* pulverized-fuel type, the 
one herein described having originally been designed by L. H. Hirt. 
This type of producer is hardly an innovation, having been in opera- 
ton in France for anumber of years. The French producer was the 
work of Georges Marconnet, a French engineer. This apparatus is 


Fig. PULVERIzER AND MIx1ING MACHINE 


used to supply gas fuel to engines for the generation of power and to 
open hearth furnaces, being known as the Marconnet Gasogene. 

12 The Hirt Apparatus (Fig. 1) consists of a pulverizer, A, a retort 
or furnace, B, a tower scrubber or other cleaning device, C. The fuel 
is broken to a reasonable uniform size of say } in. by its passage 
through a crusher or griffin mill, from which it usually passes through 
a storage hopper to the pulverizer. Here it is ground to a satisfac- 
tory degree of fineness in the presence of air. Not only is a high degree 
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of intimacy on the part of the elements secured, but by this arrange- 
ment coal containing a maximum of 12 percent to 15 per cent of mois- 
ture may be ground without pre-drying. The mixture lacking sufficient 
air to permit complete combustion, is then admitted tangentially into 
the producer or retort through opening B (Fig.3). After combustion, 
the gas takes an upward course through the gasifying chamber and 
passes down the central passage, escaping at BB into the scrubber. 

13. Heretofore the difficulty experienced in operation with pul- 
verized fuel has been caused largely by the high heat of combustion 


Fig. 4 PULVERIZER AND PRrRopuUcER CONNECTIONS 


and the impossibility of maintaining a refractory material under such 
conditions of intense temperature. It must be noted, however, that 
in the operation of this producer the combustion is incomplete. In 
starting up the producer it is necessary to permit complete combustion 
for a sufficient period to raise the linings to the heat of gasification, 
this temperature being subsequently maintained by the reaction of 
gasification in the natural process of manufacture within the appa- 
ratus. According to Alexander M. Gow,! 4450 B.t.u. are liberated 


‘Trans. Engineers’ Society of Western Pennsylvania, May 1903, p. 14. 
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; when a pound of carbon is burned or oxidized to CO. Assuming that 
the function of this producer is to oxidize carbon to CO, and inasmuch 
as the weight of the entire products of combustion of one pound of 
carbon burned to CO is 6.76 lb.,? by substituting these values in the 


Fic. 5 3000 H.P. 1n Green Gas DISCHARGED FROM PRODUCER THROUGH 
12-In. OUTLET 
(B.t.u.) 
formula ¢t = 37} and taking an average specific heat for the pro- 
ducts of combustion, the theoretical temperature derived would be 


practically 2240 deg. fahr. The oxidation of carbon* begins at the 


? Ingalls, Metallurgy of Zinc and Cadmium, p. 264. 
* Ingalls, Metallurgy of Zinc and Cadmium, p. 280. 
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low temperature of 400 deg. cent. (752 deg. fahr.), the reaction being 
complete at 995 deg. cent. (1823 deg. fahr.). These facts merely serve 
to indicate that the exothermic reaction 2 C + O, = 2 CO would be 
sufficient to supply all heat necessary for the operation of the pro- 
ducer. 


TABLE 1 ANALYSES OF PRODUCER GAS 


Carbon Monoxide, %.. : 23.7 27.5 26.5 27.0 24.5 | 15.85 13 52 12.20 182 13.8 18.9 
Carbon Dioxide, % 39 28 29 50 39 ' 920 810 7.60 49 80 94 
Hydrogen, %.. ... ; 10.0 11.5 110 95 98 6.17 11 51 10.50 12.2 104 12.2 
Methane, %..... 3.4 409 5.17 3.20 2.1 2.5 
1.40 030 01 O 
Nitrogen, % ‘ 63.29 61 40 66 50 624 648 

B.t.u. per Cu. Ft., Total . ; 128 89119 70 


* Steam admitted to upper chamber 


TABLE 2 PROXIMATE ANALYSES OF COAL 


0.52 1.20* 0 73 
Vooatile Matter, %.. .. 17.50 32.95 17.52 
Fixed Carbon, %....... 72 48 59 64 76.80 

‘ 13.925 14.550 


*Analysisof ash from above coal: silica, 43,62; aluminum and tron oxide, 42.00; lime, 5.74; magnesia, 
2.22 


14 Perhaps the only serious difficulty met with in the continuous 
and uniform operation of the apparatus was caused by the construc- 
tion of the producer upon the hypothesis of the inventor that all 
coals could be carried up at a temperature at which the ash would 
fuse, so that it could be removed in the form of slag. This was an 
error which soon developed. It has been demonstrated that only 
fuels containing easily fusible ash can be handled in such a manner, 
and that these fuels are the exception, rather than the rule. The 
apparatus having been constructed upon this premise, the removal 
of ash was a clumsy and inconvenient performance. It was neces- 
sary to accumulate an ash bed sufficiently deep to seal the producer 
and then gradually and carefully withdraw it from the bottom. This 
difficulty, however, would be easily remedied in a producer designed 
with the knowledge of the foregoing experiments. L[ither a water- 
sealed bottom or a conical dumping bottom would be entirely con- 
venient and economical of operation. 
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15 In the experiments herein cited the pulverizer was driven by 
an electric motor. In commercial operation, however, the sensible 
heat of the effluent gases would be more than sufficient to generate 
steam to drive all auxiliary apparatus and even to supply a surplus 
for any useful purpose. The interposition of a waste-heat boiler 
between the producer and the scrubber, such as is used in the Loomis- 
Pettibone apparatus or in connection with water-gas sets would 
unquestionably act with entire satisfaction. 

16 Bituminous coals of a wide range were used and the operation 
of the producer upon fuels containing up to 30 per cent of ash and 15 
per cent of moisture was commercially demonstrated. Some typical 
analyses of the gases, as made by the Pittsburgh Testing Laboratories 
are given in Table 1. 

17 There is, however, a definite ratio existing between the fuel 
used, the degree of fineness to which it is ground and the time the 
gas remains within the producer. That is, adjustment should be made 
to suit the chemical analysis and the physical nature of the given fuel. 
The length of the downcomer should depend upon both of these ele- 
ments, the length varying, in all probability, inversely as the percen- 
tage of volatile matter contained in the coal. 

18 The success of these experiments and the field of development 
opened up thereby will undoubtedly have a powerful impetus to the 
development of large gas-generating units, for the results obtained, 
as reflected in the analyses of the gas, show a very high efficiency for 
the apparatus and a remarkable uniformity in its product. Considered 
as a whole, it presents at least one available source of gas supply for 
the heavy-duty gas engine. 


TEST OF A 10,000-KW. STEAM TURBINE 
WITH A BRIEF DESCRIPTION OF FEATURES OF CONSTRUCTION 


By Sam. L. Naputaty, SAn Francisco, Cau. 


Member of the Society 


The steam turbine has experienced, as is quite universally known, 
the most rapid development of any form of prime mover, and its appli- 
cation has been extensively broadened within the last few years. Re- 
cent proceedings of this Society contain, in the paper on small steam 


turbines by Geo. A. Orrok and on tests of a 15,000-kw. engine-tur- i 


bine unit by Messrs. Stott and Pigott, useful data on small units and 
low-pressure turbine operation, respectively. 

2 It is the intent of this contribution to record the attainment in 
the design and operation of a complete-expansion turbine of 10,000- 
kw. normal rating, installed in the latter part of 1909 in the main 
power station of the City Electric Company, San Francisco, Cal., 
under the author’s management, and recently tested under the direc- 
tion of J. G. White and Company, consulting engineers. 

3 The object of the test was to determine the general steam con- 
sumption of the turbine unit under everyday operating conditions 
and further to determine whether the builder’s guarantees of economy, 
generator, temperature, etc., had been complied with. 

4 The contract with the builder specified a turbine of 10,000-kw. 
normal capacity with an additional overload capacity of 50 per 
cent operating with steam at 175 lb. gage pressure, superheated 
100 deg. fahr. and with 28-in. vacuum, measured in the exhaust 
pipe and referred to a 30-in. barometer. Under the above condi- 
tions, operating at 1800 r.p.m., the guaranteed performance was as 
follows: 


Tue AMERICAN Society OF MECHANICAL ENGINEERS, 29 West 39th Street, 
New York. All papers are subject to revision. 
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Full load 10,000 kw. 14.3 lb. per kw-bhr. 
3} load 5,000 kw. 16.2 lb. per kw-hr. 
13 load 15,000 kw. 15.3 lb. per kw-hr. 


5 The generator was designed for a 60-cycle, 3-phase current, its 
normal rating being 525 amperes per terminal at 11,000 volts, the 
voltage maintained constant at all loads by means of a Tirrill reg- 
ulator. The generator is of the enclosed type and is provided with 
a direct-connected exciter, driven from the end of the main generator 
shaft. 

6 The generator was specified to have a temperature rise in any 
part above the temperature of the ingoing cooling air, not exceeding 
the following: 

Full-load current, normal voltage, for 24 hr., 40 deg. cent. 

13-load current, normal voltage, for 24 hr., 50 deg. cent. 

13-load current, normal voltage, for 24 hr., 60 deg. cent. 

7 The steam turbine is of the double-flow type, containing both 
impulse and reaction elements. The exterior of the unit, as installed 
in the power plant is shown in Fig. 1, while Fig. 2 shows a longi- 
tudinal section of the turbine. 

8 Certam features of construction of the turbine are as follows: 

a Double-flow design, employing a single high-pressure impulse 
wheel centrally located. A division of steam between two 
similar and opposed intermediate and low-pressure reac- 
tion elements, one-half flowing through the annulus sur- 
rounding the high-pressure wheel, shown by arrows in 
Fig. 2. The large capacity and high rotative speed of the 
unit make it possible to utilize the double-flow construc- 
tion, which has many obviously desirable features. In- 
deed it may be said that for this capacity and rotative 
speed, the double-flow construction is imperative, since 
in a single-flow machine of the same capacity and speed 
the blade lengths in the low-pressure section will be so 
great as to preclude the possibility of sound mechanical 
construction or efficient steam distribution. 

b Symmetry of cylinder structure resulting from the double- 
flow design, favors the production of the casting with 
least initial strain, and permits of uniform distribution 
of temperature strains. 

c High speed reduces the metal masses, ensuring greater 
homogeneity of casting with a resulting increased factor 
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of safety, since the same peripheral speeds and centrifu- 
gal stresses virtually obtain as in the lower rotative speed 
designs. 

d Turbine cylinder simplified with intermediate stationary 
element cast separately and hence subject to less internal 
strains. Provision is made for the ready removal of these 
parts. 

e There are no feet cast on the cylinder for supporting it on the 
bedplate. Instead, there are provided cast-iron chairs, 
two at each end, as seen in Fig. 1. The cylinder is car- 
ried by these chairs in a horizontal plane close to the axis 
of the turbine, the advantage being that with this con- 
struction the alignment of the coupling is less affected by 
temperature changes. The cylinder is free to slide on 
these chairs permitting unrestrained expansion of the 
parts. In fact the turbine is not secured at any point ex- 
cept where it joins the generator inboard bearing pedes- 
tal which, however, is rigidly bolted to the plate. 

f The governing apparatus, while containing many improve- 
ments in detail, presents no particularly novel features. 
There are two governor-controlled inlet valves, each admit- 
ting steam to a group of nozzles; full load being carried 
on the primary valve alone. Overloads are maintained 
by a group of nozzles operated by the secondary valve 

9 These main valves and their operating mechanism are shown 
in detail in Fig. 3. They are hydraulically operated, oil under 
pressure being supplied by the oil pump driven by the turbine. 
The entire output of this pump is not necessarily used by the 
governor, the surplus escaping through a spring-loaded valve, 
which together with that discharged from the valve-operating 
mechanism, furnishes the oil supply for the bearings. The oper- 
ation of the hydraulic gear is, as is seen from Fig. 3, accomplished 
by the familiar relay and floating lever. Hitherto, it has been 
customary to construct the relay for a mechanism of this char- 
acter without lap. If it does have lap, either negative or posi- 
tive, the amount of this lap must be traveled before the mechan- 
ism can respond to the governor. A departure is here made from 
previous practice in providing the relay plunger with both inside 
and outside laps. The relay is kept oscillating a small amount by 
means of a cam connecied to the governor linkage, sufficiently to 
uncover slightly the ports at each oscillation, causing a correspond- 
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. ingly slight motion of the main operating piston. The effect of 
the governor itself on this relay, is, of course, to change its plane 
of motion, and hence response to the least change in position of 
the governor weights is thus ass.red. 

@10 Thecondenserisof the Wheeler-surface dry-tube type, equipped 
with primary feed heaters, turbine-driven centrifugal hotwell pump, 
and rotative dry vacuum pump. The condenser is located imme- 
diately below the turbine and is provided with two openings connect- 
ing with the exhaust at each end of the turbine. It contains 25,000 
sq. ft. of l-in. tube, No. 18 gage. A 42-in. cast-iron conduit, located 
so as to be submerged even at extreme low tide, conducts salt water 
direct from the bay of San Francisco to the plant. After being 
pumped through the condensers the salt water is returned to the bay 
through a suitable channel. 

11 The turbine generator is of the builder’s most recent four- 
pole construction. The field is of nickel steel and is made up of two 
halves joined end to end by shrink links. Each half is integral with 
its shaft, which renders any hole for the shaft unnecessary and conse- 
quently considerably increases the strength of therevolving field. The 
field winding is done under heavy tension, which results in a very solid 
mechanical construction. The rotor is provided with a series of tur- 
bine fan blades, and the ends of the armature winding are covered 
by stationary end bells which, in addition to protecting the winding 
serve as means of conducting the cooling air from the air ducts to the 
machine. This air is drawn from the conduits by means of the tur- 
bine blowers through the armature winding and is forced into the air 
gap, whence it passes outward through the armature laminations and 
is discharged into an exhaust air duct. 

12 f*As this was the first generator of this design constructed, the 
City Electric Company insisted that tests be carried out by the build- 
ers before shipment, which showed an electrical efficiency at } load 
of 92.2 per cent; at*full'load of {97.6'per cent land at 1} load of 98.2 
per cent. 

13. From the compromise tests which it was possible to make in 
the works, it was figured that the temperature rises at full load, 100 
per cent power factor, would be 28 deg. on the armature laminations 
and 18 deg. on the field, by thermometer, the temperature rises by 
resistance being 22 deg. on the armature winding and 35 deg. on the 
field winding. 

14 The tests by J. G. White and Company confirm these figures, 
their results showing that on a load of 5300 kw. at 89 per cent power 
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factor, that is, 6000 k.v.a., the maximum temperature rise of the arma- 
ture was constant at 27 deg. Ona load of 9300 kw., 89 per cent power 
factor, that is, 10,400 k.v.a., the maximum temperature rise was con- 
stant at 31 deg. These figures are well within the guarantees. 


DETAILS OF TURBINE TEST 


15 In what follows details are given of the turbine test made after 
installation, the results being shown by the curves, Fig.4 and Table 1. 
It is unfortunate that the unit had to be maintained carrying the 
station load during the tests. During the high-load tests, it was the 
only unit operating in the station, so that observations had to be 
made under these conditions, with the load variations incidental to 
station operation. In all, seven runs were made, two of which, 2 and 
G, were at low vacuum for the purpose of establishing the effect of 
variations of vacuum on this machine. In Table 1, both the Rankine 


TABLE 1 SUMMARY OF TEST OF 10,000-KW. TURBINE 


CITY ELECTRIC CO., SAN FRANCISCO, MARCH 1910 


= = = . = = =< = ste 
A 3-14,1.5 7972 90 171 58 = 28.28 11623814.581 15378 66.9 22.20 14.11 High Vacuum 
B 3-14 2.0 8563 SS 168 59 28.18 12354214 427 15062 68.0 22 65 13.88 High Vacuum 
C 3-14 2.0 8198 91 169 60 28.1011965514.596 15414 67.6 22.10 14.04 High Vacuum 
D 3-14 2.0 9173 91 167 59 =.27.90 133672 14.572 15360 69.0 22.23 13.88 High Vacuum 
E 3-15 3.0 5333. SS 173 54 28.34 8347815.655 16493 61.8 20.70 15.21 High Vacuum 
F 3-15 40 S148 SS” 167 60 26. 1612918115.855 16782 69.5 20.35 14.07 Low Vacuum 
G 3-16 3.0 5401 88 174 56-2616 9512017 611 18587 62.2) 18.35 15.24 Low Vacuum 


Note: The above summary of the entire test varies but } of one per cent from the average of the 
15 minute readings taken during the test 


cycle and thermal efficiencies have been given in addition to the rate 
of steam consumption in pounds per kilowatt-hour, which is the usual 
method of stating the performance of the steam motor. The thermal 
efficiency considers only the heat in the steam from the boiler, and is 
of use only for comparing results with other forms of prime movers, 
such as internal combustion engines. The Rankine cycle efficiency, 
or efficiency ratio as it is sometimes called, is the more equitable meas- 
ure for comparison of steam motors, as it reckons with the work done 
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between the limits of steam leaving the boiler and exhaust entering 
the condenser. Taking the heaviest load carried, run D, the efficiency 
ratio obtained was 69 per cent including generator and field losses 
which, [ believe, is some improvement over results hitherto obtained 
for a complete-expansion turbine. 

16 The performance of a steam turbine follows the Willansright- 
line law over a great range of its capacity, which gives a valuable check 
on the accuracy of the test points and reduces the number of neces- 
sary runs to a minimum. Furthermore, the performance of a turbine 
may be accurately predicted at loads beyond the range at which tests 

17 
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have been run. Referring to Fig. 4, it is reasonable to expect that if 
a higher load had been available, the steam consumption would have 
further improved until the opening of the secondary valve. Allowing 
for a 10-lb. drop through the inlet valves, the load would have been 
approximately 11,000 kw., when, as seen by Fig. 4, a steam consump- 
tion of less than 13.7 Ib. per kw-hr. would have been obtained, with 
an efficiency ratio of 71 per cent. 
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17 It is acknowledged that slightly superior efficiency exists with 
the combined engine and turbine unit, reported by Mr. Stott, at 72 
per cent, the engine unit particularly making a remarkable showing. 
On the heat consumption basis, however, the San Francisco unit is 
approximately only 8} per cent in excess of the combined recipro- 
cating and turbine unit, but it is obvious that this advantage in steam 
consumption is offset by the advantage of the simple turbine unit 
without the complication of the reciprocating engine, which involves 
greater first cost, greater floor space and cost of maintenance and 
necessitates shutting down the unit while the reciprocator is being 
adjusted, or else further complicating the system by use of an 


auxiliary governor and high-pressure valves on the low-pressure 
turbine. 


DETAILS OF STEAM CONSUMPTION TEST 


18 As mentioned before, it was necessary to test the unit while 
in commercial service; consequently the loads of the turbine during 
the various tests were subject to variations which probably may have 
lowered the economy. 


CORRECTIONS 


19 As the operating conditions specified by contract, namely 175 
lb. gage pressure, 100 deg. superheat, and 28 in. vacuum, could not be 
maintained throughout the test, correction factors had to be deter- 
mined upon, and an agreement was reached previous to the tests as 
follows: 


Superheat, 1 per cent change in steam consumption for 10 deg. 
in superheat, which is the correction factor commonly 
employed for turbines. 

Steam Pressure, } per cent for 10-lb. change in pressure. (As 
there was no reason for the full pressure not being main- 
tained, these were however insignificant.) 

Vacuum, as the vacuum correction is affected by the 
design of the turbine, the amount of the correction could 
not be determined in advance of the tests, therefore. runs 
E and G were made. From these and from the other 
tests it was found that 1 in. of vacuum affected the 
steam consumption 3 per cent and 6 per cent at full load 
and half load respectively. These vacuum corrections 
are shown in Fig. 5a and Fig. 5b. 
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20 All important readings were taken at 5-minute intervals ex- 
cept in cases of energy output and water measurement for which 15- 
minute integration proved adequate. Figs.6 to 10 inclusive, present 
graphically the principal logs of the tests, which show only small fluc- 
tuations of the pressure and temperature conditions, and consist- 
ent changes in load and steam consumption, insuring reliability of the 
average values. 

21 The electric output of the unit was obtained with a General 
Electric polyphase wattmeter, checked by three single-phase inte- 
grating wattmeters, tested under the supervision of Frank E. 
Smith, consulting engineer, and Pacific Coast representative of the 
Weston Electrical Instrument Company. Its complimentary cur- 
rent and potential transformers were similarly checked with standards. 

22 Steam consumption measurements were made by actually 
weighing the water discharged from the surface condenser which was 
delivered by a 5-in. single-stage centrifugal pump through 6-in. pip- 
ing to a set of four weighing tanks. These tanks were 33 ft. in diame- 
ter and 5 ft. deep. Each tank was on a 2000-ib. platform scale. 
The supply pipes and tanks were furnished with 5-in. quick-opening 
valves. Scales were tested and certified correct by the Howe Scale 
Company of San Francisco. 

23 Tests were made for leakage of the cooling water into the con- 
denser. As sea water is used for cooling, these tests were made by 
adding silver nitrate to samples of the condensed steam. No indi- 
cations of leakage were found and hence no allowance was made for 
leakage. 

24 The shaft glands were sealed by water taken from the conden- 
ser discharge before weighing and the leakage from outside of the 
glands was caught and measured. In this way no special allowance 
was necessary for gland sealing water. The stuffing boxes of the 
centrifugal hotwell pumps were sealed with water from the discharge. 
A small leakage occurred here which was caught and added tothe 
leakage from the main unit gland. 

25 All pipes connected with the condenser or piping system, by 
which water might escape from the discharge or leak into the discharge 
water, were disconnected, blanked or arranged with two valves with 
an opening between for detecting leakage. 

26 Observations were made of the pressure and temperature of the 
steam at the throttle, pressures within the turbine at inlet, interme- 
diate and low pressure points. The vacuum was indicated by a mer- 
cury colunn and the atn.ospheric p:essure by a mercury barometer. 
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The steam gages were tested on a Crosby dead-weight testing machine. 
The steam gage at the throttle was 1 lb. high at the working 
range of pressure. The steam temperatures were taken with a 15-in., 
600-deg. fahr., nitrogen-filled thermometer, made by Henry Green 
of Brooklyn, N. Y. This thermometer was one of four new ones. 
As there was practical agreement of the four, by check before the tests, 
the temperature readings were considered practically correct. The 
thermometer was placed in a thermometer well in the steam pipe 
close to the throttle valve. The thermometer well was partly filled 
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with mercury and the remainder of space with oil. The thermome- 
ter entered the well to the 400-deg. mark. As the steam temperature 
was about 430 deg., the effect of stem exposure was small. One 
degree has been added to the temperature for this correction. 

27 The vacuum gage was a Hohman and Maurer instrument. 
Connections were made with a 3-m. pipe to both exhaust nozzles of 
the turbine. The piping was provided with a valve admitting air to 
blow back to the.condenser any condensation in the pipe. As the 
mercury column has a tube of small bore, 0.1 in. or less, allowance 
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was made for capillary depression of the mercury by adding 0.1 in. 
to the average of the readings 

28 The barometer was compared with the barometer of the office 
of the U.S. Weather Bureau and found to be 0.1 in. low. 


The following is a summary of corrections applied to readings ob- 
tained during the steam tests: 


Pressure of steam supply Subtract 1 Ib. 
Temperature of steam supply Add 0.1 deg. fahr. 
Vacuum column reading Add 0.1 in. 
Barometer Add 0.1 in. 


29 It would encumber the paper to publish the complete de- 
tailed logs of these tests. The author will, however, be pleased to 
place them at the disposal of any interested members. 
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TEST OF A 9000-KW. TURBO-GENERATOR SET 


By F. H. Varney, SAN Francisco, CAL. 


Member of the Society 


For about five years prior to 1908 the City of Oakland had been 
practically dependent for its electrical energy on the water-power 
stations and transmission lines of the Pacific Gas and Electric Com- 
pany, located 125 to 150 miles from Oakland. In the year 1908 
it became evident that this service would necessarily have to be bet- 
tered, not alone for capacity, but also for regulation, and after con- 
siderable preliminary estimating, it was decided on the first day of 
July of that year to endeavor to have a turbo-generator set installed 
and operating in time for the Christmas holidays. Plans and speci- 
fications were immediately prepared and to hurry the work as much 
as possible a heavy bonus and penalty clause was made a part of 
every contract. 

2 The delivery of the turbine seemed to be the one point that 
might cause delay, as boilers, superheaters, steam piping, condenser 
and all auxiliaries were promised on time. The turbine was, however, 
shipped 38 days in advance of promised shipment and the work 
progressed without delay until the unit was started and put into 
regular service on December 18, 1908, thus making 171 days from 
the beginning of the plans and specifications to the successful oper- 
ation of the station. It is interesting also to know that the station, 
including turbo-generator, boilers, steam piping and auxiliaries, build- 
ings, crane and everything necessary for a complete steam plant, 
excepting land, cost $51 per kw. 

3 It was with considerable satisfaction that the turbine was started, 
as this was one of the driest years the water-power station had ever 
experienced and the demand for power greatly exceeded that of 
previous years. 
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4 The turbine was immediately put in parallel with the hydro- 
electric system, which consists of eleven water-power stations, three 
reciprocating-engine stations, and one gas-engine plant. It operated 
perfectly in every particular and soon demonstrated the superiority 
of this class of prime mover over reciprocating steam or gas engines, 
both in regulation and in maintenance. 
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Fie. 1 Loe or Test}Data—First Test 


5 The plant is situated on the Oakland estuary, between Grove 
and Jefferson Streets on First Street, distant about one mile from the 
center of Oakland. The estuary is a branch of the San Francisco 
Bay and has an ample supply of clean salt water from which circu- 
lating water for the condenser is drawn. A wharf was built into the 
estuary for the purpose of landing the fuel supply and the Southern 
Pacifie Railroad tracks adjoin the First Street side of the station. 
The location is considered ideal. 
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6 The apparatus installed consists of a 9000-kw. vertical Curtis 
turbo-generator (maximum rated), Worthington condenser and 
vacuum pumps, and eight 754-h.p. McNaull water-tube boilers. 
The plant is oil-burning, using what is known as the back-shot burners. 
The boilers are equipped with superheaters for 100 deg. superheat. 
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Fie. 2 Loa or Test Data—First Test 


7 Owing to the urgent need for the plant, the efficiency test was 
postponed until the station had been in operation for 14months. 
The conditions of the test were as follows: The turbo-generator was 
run on a closely regulated commercial load,which was maintained as 
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nearty uniform as possible by the load dispatcher. 


9000-KW. 


TURBINE TEST 


Two runs of 


four hours each were made at loads approximating 7000 kw. and 9000 
kw. The boilers were operated on the usual program, the number 


employed being adapted to the load 


carried. No attempt was made 


to obtain complete data regarding the economical operationof the 


boilers. 
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8 In view of these conditions, it was decided to provide for the 
measurement of the following items: 


a Water from turbine 
b Total make-up and auxiliary water 
c Power delivered by generator at switchboard 


d Exciter output 


e Pressures and temperatures required to complete and inter- 
pret the above observations. 


9 Measurements of water were made by tank weighings with 
standard scales in lots averaging 1800 lb. to 1900 lb. and in accordance 
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with the general methods recommended by the engineering societies ”” ‘ 
for such purposes. The power delivered by the generator was mea- , a 
sured by duplicate installations of integrating wattmeters connected i 9 | 
in accordance with the three-meter method for three-phase circuits. r 4 
Observations of all electrical readings and of all pressures and temper- er: 

| ; | | 
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Time p.m, 


Fic.4 Loa or Test Data—Seconp TEst 


atures were made at ten-minute intervais. Weighings of water were 
made at intervals as determined by the load. The level of water 
in the feed tank and the condition of the weighing tanks at 
the end of each ha.f-hour period were also noted, thus providing for 
a closure of the test at any such period. Leakage tests of the con- 
denser and of the wet vacuum pump seal were made before and 
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after the test and a mean of the two values was used as the leakage 
correction. 

10 All apparatus and instruments employed were carefully cali- 
brated byreference to absolute standards or to others as near to them 
as possible. The scales employed were tested both before and after 
the run by the use of 50-lb. weights loaned for the purpose by the 
Fairbanks Company. All pressure gages were tested by the use of 
a dead-weight testing apparatus. The indications of the mercury 
vacuum gage were accepted as accurate without further test. The 
integrating wattmeters were calibrated before and after the run. 
All thermometers were compared with standards certified by the 
United States Bureau of Standards. 

11 The general and economic results for each run as a whole 
are given below. Figs. 1 to 4 show the data worked up for ten- 
minute intervals and plotted on a time axis. The actual turbine 
results were reduced to the conditions specified in the contract, by 
means of the following schedule of corrections: 


CONTRACT SPECIFICATIONS 


25 deg. fahr. 


4 Steam consumption 
Generator output (kw.) Lb. per kw-hr. 

5000 16.75 

7000 16.40 

9000 16.40 

CORRECTIONS 

1 For each 10 lb. pressure. . ..1 per cent 
2 For each 12$ lb. deg. superheat.. 


GENERAL AND ECONOMIC RESULTS 


2.10 p.m. 6.00 p.m. 
to to 
6.00 p.m. 10.00 p.m. 
2 Total water with all corrections, lb................ 520,837 650,600 
4 Water from turbine as weighed (corrected for 


1 Steam pressure at throttle.... 
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5 Water leakage correction, —2,461 — 2,568 
6 Corrected water from turbine, lb.................. 426,243 560,011 
7 Water per kw-hr., 16.06 15.95 
8 Temperature of eondeneer, deg. fobr... ale 78.1 81.9 
9 Temperature of condensing water, inflow, deg. 

10 Temperature of condensing water, dise harge, 

11 Rise in temperature of condensing water, deg. 

12 Vacuum in condenser,reduced to 30 in. barometer 

13 Exciter output, Kw... 38.9 40.0 

FINAL CORRECTED VALUES 
6.00 p.m. to 10.00 pm. 

Correction for superheat, per — 4.13 
Correction for pressure, percent. . , + 0.48 
Correction for superheat : and pressure, percent — 3.65 
Correction forvacuum,lb.............. + 0.03 
Water rate corrected for vacuum, lb... 15.98 
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THE FIELD FOR GRINDING 


C. H. Norton, Worcester, Mass. 


Non-Member! 


Grinding in various forms has been known to man from the very 
beginning of history, yet it is doubtful if many engineers have a 
clear conception of the field for metal grinding. Experience (as a 
specialist) covering twenty-five years has taught me that the usual 
thought of grinding is that it is a slow, tedious, expensive, but sure 
method of obtaining accuracy, and that where great accuracy is not 
required grinding should not be done. 

2 Webster defines abrasion as “the act of wearing or rubbing 
off ; the wearing away by friction, as the abrasion of coins.’”’ Abrade, 
“to waste or wear away by friction, as to abrade rocks.”’ He detines 
the word abraise as “rubbed smooth, as an abraised table,’’ mean- 
ing a polished table. No doubt here is the connection between 
polishing and abrasion. 

3 Some time within the last 75 to 100 years men discovered that 
a revolving polishing wheel enabled them to abrade work in such a 
comparatively short time that so far as polishing was concerned it 
was no longer slow nor tedious. But as the original word for abrasive 
action was ‘‘grind,” and grinding was slow, men still clung to the 
tradition in spite of the later discovery that polishing could be done 
quickly. When, within the recollection of the writer, mechanics 
made their own solid glue and emery wheels with which to grind 
small hardened tool work, it did not occur to them that they could 
do by grinding a certain part of the work that they were using steel 
tools for, because it was grinding, and was slow. Moreover, all nice 
work must of necessity take lots of time, because our older mechanics 


1 Norton Grinding Co. 
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had said so. It did not occur to them that we could ever have better 
grinding wheels and better machines in which to use them. 

4 It was at this point in our reasoning that the majority of engi- 
neers rested and it is here that we find a large number now. All 
engineers admit the exactness of grinding, but most of them still 
believe it to be slow. 

5 Appleton’s Cyclopedia of Applied Mechanics, published as late 
as 1893, says that emery wheels are employed mainly for producing 
cutting edges and for smoothing surfaces. Again it says that in all 
cases of the employment of emery wheels in place of steel cutting 
tools, the operation is considerably slower, and it may be laid down as 
a rule that save upon metal too hard to be operated upon with steel 
tools, the emery wheel cannot compete with the ordinary lathe, 
planer, milling tool, ete. My observations convince me that a great 
many American engineers hold the same views. 

6 As a specialist for many years, I have seen‘a gradual but sure 
increase of knowledge of grinding and have noted the widening of the 
field as the result, but I am not aware that the intelligent study of 
grinding has been taken up by professional engineers or by any insti- 
tute of technology. The intelligent use of grinding yields such 
large returns that it warrants careful study by the very best engi- 
neering and scientific minds and a place in the courses of our technical 
schools. The field is constantly broadening with each year’s im- 
provements in grinding wheels and grinding machines, and it is 
time that men of brains and education took a hand with us to help 
the world to a better knowledge of the science of grinding and 
grinding wheels. 

7 The results thus far attained warrant a change of the world’s 
idea of grinding and instead of using it as a synonym for slowness, 
tediousness and drudgery, it should be a synonym for rapidity, 
accuracy and economy. 

8 The fact about grinding with the modern grinding machine 
and grinding wheel (not emery wheel) is that it enables us to size all 
round work cheaper than by turning and filing, that it takes the place 
of what we formerly called the finish cut of the lathe and all filing 
giving us not a theoretically perfect cylinder or perfect finish, but 
a much nearer perfect cylinder and finish that we obtained with the 
lathe. It gives us diameters to such small limits as to be called 
exact, but whoever insists that none but exact work be ground loses 
the very pith of grinding, which is economy. Modern grinding 
means cheaper cost for all work, many grades of work to suit many 
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requirements, and cheaper turning than is possible without the use 
of the grinding machine. 

9 As arule, the coarser the turning the greater the economy by 
grinding. The greatest economy is obtained by the combination of 
cheaper turning and grinding. It is no longer necessary to turn work 
smooth, straight or correctly to size and the lathe is no longer neces- 
sary as a precision tool. If it has a carriage traverse of from four 
to ten threads per inch, has sufficient power to carry high-speed tool 
cuts at that feed and is well supplied with steady rests to prevent 
springing of the work, it is ready for coéperation with the grinding 
machine. It is easter with modern grinding machines and wheels to 
grind off a given amount of metal when in the form of crude screw 
threads than in any other form, and with long work having several 
sizes the grinding requires less time if 3/5 in. to ,’; in. is left on the 
diameter for grinding than if the work is turned carefully to within 
().002 in. to 0.005 in. ‘Tn all eases, accurate turning increases the total 
cost of production and in-some it makes the grinding very expensive. 

10 The greatest economy is usually obtained by the combination 
of grinding with very rough turning. Yet there are cases where the 
least expensive way is to grind direct without turning, notably the 
greater part of crankshafts of automobiles and small gas engines and 
very long and slender work where turning is difficult. 

11 It is not an easy matter to. secure such rough turning as true 
economy requires in connection with grinding. Lack of knowledge 
of what is needed, coupled with the natural pride the workman takes 
in doing what tradition says is nice lathe work, prevents the grinding 
machine from doing what it is ready to do. Our industries are losing 
much while waiting for the engineer to assume the intelligent guidance 
of foreman and workmen who, through fear, doubt or prejudice now 
rob us of the great economies due to modern grinding machines. 
There is much yet to be learned by foremen and workmen about 
turning. High-speed steel makes possible much that has not as yet 
become common knowledge. 

12"JThe lathe is a very old tool and foremen and workmen have 
known it for generations, yet I have been unable to find more than 
two instances where a careful study has been made of the combina- 
tion of lathe work and grinding to effect the maximum saving. I 
have observed that lathe men have not tried to remove metal 
by increasing the number of cuts and using fast traverse. When 
urged to take coarse feeds to help the grinding machine to effect a 
total saving, they have invariably said that they were feeding all 
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that the work would stand. It has been demonstrated that three 
cuts with a carriage traverse of 6 per inch has produced certain work 
in 9 minutes that required 13 minutes to turn in one cut, because the 
work was so frail that with one cut no faster feed than 32 per inch 
could be taken. The rough-ridged surface was readily ground by 
taking 1 minute more than when the turning was finer, the net saving 
for the job being 3 minutes. In many cases the ridged surface 
requires no additional time. 

13 In another case where the work was quite firm and was being 
revolved at a very high speed with a view to getting everything possi- 
ble from the high-speed tool, the turning required 5 minutes and the 


— 


Fig. 1 oF FROM MopERN GRINDING WHEEL 


Note the resemblance of these fragments to lathe chips 


grinding 1 minute. A change was made in the feed of the lathe so 
that without revolving the work any slower it was turned in 1 minute, 
leaving a very crude, crooked and bad-looking piece of lathe work. 
The grinding then required 2 minutes, but the net time saved was 3 
minutes. Did it matter how bad a looking lathe job it was if the 
finished work was perfect and 3 minutes was saved? 

14 There is a rich field for engineers and managers in connection 
with the lathe and modern grinding. Recent lathe designs provide 
for high speed of revolution, with sufficient power, quick change to 
and from back gears, and sufficient rigidity to utilize to the limit 
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high-speed steel; but much work is not of sufficient rigidity to permit 
the maximum use of the tool at fast traverse and deep cuts. In addi- 
tion, there are thousands of lathes of old design that will not be 
thrown away at once. There is, therefore, an opportunity to get 
much more out of present plants by cheaper turning, because of grind- 
ing. 

15 Developments warrant the conclusion that we should no 
longer assume that simply because a tool is a grinding wheel it cannot 
remove metal and size and shape work as quickly as a steel tool. 


Fig. 2. MicropHoroGRaPH OF FRAGMENTS FROM EMERY WHEEL 


Many of the particles are melted by the heat generated in grinding 


Rather, we should use the steel tool when it can be made to remove 
metal, size and shape work cheapest, and the grinding wheel when 
it excels. It is no longer to be taken as a matter of course that we 
‘an turn, plane and mill faster than we can grind. After all, the 
real reason we remove metal is to accomplish certain finished results, 
not simply to secure a certain number of pounds of chips in a given 
time. Before long I think all progressive engineers will understand 
that both the grinding wheel and the steel tool have their place for 
metal cutting. The old thought of abrasion must give way to the 
new thought of cutting. 

16 While it is still true that poor wheels or good wheels poorly 
selected and wrongly used will still remove metal very slowly by 
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abrasion, it is also true that the old-fashioned milling cutter, with 
fine teeth cut by hand with a file, hardened but never ground, and 
used in the old-time slender milling machine would very slowly 
abrade the surface. The modern grinding wheel, used in a modern 
machine by a modern man, is just as surely a milling cutter as if it 
were made of steel. 

17 The microscope reveals the fact that such a wheel cuts off 
chips. Fig. 1 is from a microphotograph and clearly shows the chips 
that are as surely cut off as those made with a steel milling cutter. 
The grinding wheel used was a modern one made of crystalline alumi- 
num oxide. 


Fia. 3 Fig. 4 


First Two STAGES IN THE GRINDING OF AN AUTOMOBILE CAM 


18 Fig. 2 is also from a microphotograph and shows the result of 
the old-fashioned abrasion described by Webster as grinding to 
powder. Here we see the effect of great heat, the greater part of 
the powder being in the form of globules. This is magnified to the 
same extent as the other photograph and shows the vast difference 
between the old-time abrasion to powder and the present cutting 
chips. A large part of the energy put into work was wasted in heat, 
as shown by the very small globules in Fig. 2. The wheel used for 
Fig. 2 was an emery wheel like those referred to in Appleton’s Cyclo- 
pedia of 1893. 

19 The grinding whéel as now made is really a milling cutter with 
millions of cutting teeth. Although these teeth are not as large 
or as strong as the teeth of a steel cutter and therefore cannot cut as 
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deeply, yet they are capable of cutting at much greater speed. Since 
there are so many more of them they are capable of much more work 
in a given time when the nature of the work is such that a large 
number of these cutting points can be used simultaneously. In some 
cases we can use as many as two billion cutting points per minute. 
Kight hundred million per minute is not uncommon and four hundred 
million per minute is very common. 

20 The modern grinding wheel, mounted in a good machine, can 
be used at a cutting speed of 6000 or more surface feet per minute 
and owing to this high speed it need not cut deeply relative to the 
rigidity of the work. Therefore‘it,is able to remove metal from many 
forms of work more quickly than the milling cutter or the lathe tool. 


Fig. 5 6 


Last Two STaGeEs IN THE GRINDING OF AN AUTOMOBILE CAM 


21 The accompanying illustrations show a notable example. Figs. 
3, 4, 5 and 6 show the process of making automobile cams. An order 
for a hundred of these cams was received and our shop superintendent 
began to provide means for producing them at the lowest possible 
cost. It is evident that drop forgings for so few would be out of the 
question, as the expense of dies would make the cost of the cams pro- 
hibitive. It was therefore necessary to devise means for producing 
them from the bar stock. This was done by providing an eccentric 
chuck for the automatic screw machine. To prevent the bar from 
turning in the chuck while feeding forward, the spline was made the 
full length and a mating key was placed in the chuck. Pieces like 
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Fig. 3 were made in the automatic machine at the rate of 10 per 
hour. A keyway in the hole was made in the ordinary way, Fig. 4. 
These blanks were ground to rough shape, Fig. 5, at the rate of 10 per 
hour. The cams were then hardened and finished ground to Fig. 6 at 
the rate of 40 per hour. It should be clear that such a cam could not 
be milled to shape from the blank in nearly so short a time with the 
milling cutter. When manufacturing such cams in large numbers 
drop forgings would be used, and here again the grinding wheel 
is quicker than the milling cutter. 

22 Another case where the grinding machine can accomplish the 
results desired in less time than the lathe is that of the pins and bear- 
ings of the automobile crankshaft. The results desired are as follows: 


Fic. 7 Dovusie Cam GrRouND FROM RovuGH Srock 2 IN. IN DIAMETER 


Five bearings, all round within 0.00025 in.; the axis of all parallel 
and exactly in line; all of the right length within 0.004 in.; distance 
between bearings within 0.004 in.; accumulated error not over 0.008 
in. Four crank pins, all round within 0.00025 in.; the axis of all 
exactly parallel; all to length within 0.004 in.; all parallel with the 
bearings; all within 0.005 in. of the same plane; all of correct 
throw, within 0.010 in.; overall length, accumulated error not over 
0.008 in.; all fillets correct radius and exactly concentric with the 
bearings and pins; all bearings and pins straight within 0.00025 in.; 
and all a good, smooth surface. 

23 In the case of cranks designed with clearance for the arms of 
the cranks, as shown in Fig. 8, the width of the wheel is identical with 
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Fic. 8 SraGes IN THE GRINDING OF AN AUTOMOBILE CRANKSHAFT 


the required length of the pins and bearings, so that no measuring 
or setting of the tool is necessary for cutting to length. The act of 
grinding cuts the bearing or pin the right length and forms the fillets. 
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The location of the pins and bearings within the small limits allowed 
is accompanied by a massive index bar, so that the workman does no 
measuring whatever for location of bearings or pins. The entire 
time of handling and producing these five bearings and four pins 
from the rough forging to the nicely-sized and finished condition is 
85 minutes. It is clear that when all the conditions of the finished 
work are considered the grinding wheel and machine have removed 
metal faster than the lathe. Again, it is not simply a case of removing 
pounds of metal per hour, but the removal of it in such a manner 
as to accomplish certain results in the least time. 

24 The ends of these shafts beyond the bearings are turned before 
grinding. The entire list of operations to make a finished shaft 
from the forging is as follows: 


Cut off ends and center.......... 6 minutes 
20 minutes 
Finish grind bearings and ends....................... 25 minutes 


A little time could be saved if it were practical to secure forgings 
with pins and bearings 1§ in. in diameter over their entire length 
instead of with the depression to 13 in. between shoulders, as the 
wheel can be forced more rapidly when the face has the same amount 
of work to do as the fillets. Here again tradition is strong and diffi- 
cult to change at once, because the depression is better for those who 
turn the work. A little coéperation would save on dies and time 
in grinding. 

25 There are hundreds of other cases where the grinding wheel 
is used to remove metal in a more economical manner than with steel- 
cutting tools, some of which are shown in Figs. 9 to 19. 

26 Automatic grinding is a late development in the field. Cer- 
tain work of which large numbers of pieces are made is ground by 
wholly automatic means. The work is conveyed to the machine 
by gravity in a hopper or shute and is chucked, ground and delivered 
to the receptacle. In a case where formerly, at piece work, 300 per 
day were ground, the automatic machine grinds 4 in a single minute, 
about 2300 per day. 
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27 When the knowledge of grinding becomes more common and 
the opposition to increased production on the part of the workmen 
shall have been more nearly overcome, the field will be still more 
extended. It is worthy of more systematic coéperation and if we 
get together we will be rewarded with success. The engineer is the 
one who by education and training is best fitted to take up the impor- 
tant question of the field for grinding. 
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Fic. 9 SHarr—HaMMERED FORGING 


Weight, 8000 Ibs.; stock removed, 0.025 in.; limit, 0.001 in.; time, 6 hr. (8 hr. 
including handling) 


Fic. 10. 0.30 CarsBon STEEL 


Stock removed, ,'; in.; limit, as noted; time, 1 hr. (including setting up) 
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Fig. 11 SprinpLE—CRUCIBLE STEEL, HARDENED 


Stock removed, 0.035 in.; limits, as noted; time, 1} pieces per hr. 


” 

| 


Fig. 12. Piston Prn—0.15 Carson Steet, HARDENED 


Stock removed, 0.015 in.; limit, 0.0005 in.; time, 60 pieces per hr. 
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Fic. 18 [RON 


Stock removed, } in.; time roll face, 2} hr.; previous lathe time 12 hr. 
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Fig. 19 IRON 


Stock removed, } in.;{time roll face, 7 jhr.; journals and ends, 3} hr.; total, 
103 hr.; lathe time for same work, 23 hr. 
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Fig. 20 Piston Prin—MAacuine STEEL, HARDENED 


Stock removed, 0.015 in.; limit, 0.0005 in.; time, 25 pieces per hr. 


PRECISION GRINDING 
By W. A. Provipence, R. I. 


Member of the Society 


Grinding is an art rather than an exact mechanical operation. It 
is an art of such recent growth that relatively little is known about 
it or its possibilities. In the development of the grinding machine 
from the early beginning, as described in the historical article in 
Machinery of July 1910, to the present well-known makes of univer- 
sal and plain grinding machines, the successive steps that have been 
taken toward reaching stability and convenience in the machine form 
interesting chapters of mechanical history, since they show, as well 
as any Class of machines, the tendency of the times. 

2 In speaking of grinding as an art I mean that it contains ele- 
ments in which the judgment and experience of the operator count for 
a great deal. While in a general way the manufacturer or the skilled 
operator is able to give instructions for the running of the machines, 
yet conditions arise which make it necessary to vary from these instruc- 
tions in order to obtain the best results. To instruct an operator 
to use a given wheel and speed would make it possible for him to 
obtain any one of the three results. When ground with a wheel 
surface that is not true a piece looks as though it had been gouged 
upon a grindstone, while with a wheel surface that is true it gives a 
dull finish and shows the wheel marks. The latter is what we 
consider commercial grinding. When this same wheel has been 
run so that the points of the abrasive become somewhat dull, we 
obtain a highly-finished surface. All these results are possible with 
the same wheel under different conditions. 

3 Most of us are interested in two classes of grinding, One is the 
occasional grinding such as we find in the tool room and in the shop 
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where one or two pieces of a kind are made and where accurate fits 
are demanded. The second is the manufacturer’s problem where 
not only must the nicest accuracy be obtained but where the 
rate of production is an important consideration. In the first case 
the question of cost does not enter so deeply into the problem, al- 
though it is always to be considered; and one machine, specially de- 
signed to do a certain class of work, is often compelled to answer the 
necessities for work to which it is not well suited. In the second 
case, however, the best results as to efficiency and production are 
obtained by having a machine of the proper size. It must beunder- 
stood from the first that whether the machine is large or small it 
must be sufficiently heavy and stable enough to do the work it is 
called upon to do and it must be so designed that it can readily be 
operated. This latter element of convenience must be provided for 
even more carefully than in many other classes of tools, because much 
of the work done in the grinding machine is of such a character 
that the operations of putting in and taking out consume almost as 
much time as the grinding. Moreover, a grinding machine must 
have sufficient rigidity to preserve its alignment, which must be of a 
high grade from the first. Unless the machine is capable of pro- 
ducing true work its value is lost, for the grinding machine must not 
only finish work but also rectify it to a degree of accuracy that we 
cannot in reason look to a lathe or other type of machine to furnish 
commercially. 

4 The principles of grinding, in the main, are not difficult to grasp, 
and the time that would be required of the ordinary chief operator 
in grasping them is not excessive. But the work does require such 
attention and knowledge of the results that can be obtained, coupled 
with the skill acquired by experience, as to class it with the Arts. 
In the early days it seemed quite necessary that for every different 
piece of work we should have a different wheel. Later it was found 
that a given wheel would give satisfactory results on various kinds of 
work by varying the speed of the wheel, the speed at which the work 
was run, or the feed of the work, so that one wheel answered a great 
variety of purposes. There have been changes in abrasives and we 
are getting today a far better quality of wheel than was possible 
some years ago. The grading of wheels has very much improved, 
and although in the writer’s opinion it is not possible to obtain an 
absolute grading, this element has been reduced to such a nicety that 
it need not be taken largely into account by the average operator. 

5 The first use of the grinding machine as we know it today 
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was to correct slight errors that were impossible of eradication by 
means of the file and emery cloth. Today the grinding machine 
rectifies these errors and in addition finishes work for appearance 
and fit in a relatively cheap manner. 

6 After the proper machine has been selected, the choice of wheels 
requires some specialized knowledge which the makers of machines 
and wheels are in a position to furnish to an extent that many of the 
users of machine tools are probably not aware. When the proper 
wheels and gradings are once established for a given line of work their 
subsequent use is very easy. 

7 The question of speeds and feeds is also the result of experience, 
and suggestions from the manufacturers will help users to a great 
extent in obtaining satisfactory results. The cutting operation of 
the wheel was well shown in an illustrated article by Messrs. Gribben 
and Warman! where the microscopic photographs showed that the 
chips somewhat resembled those made by a lathe tool. It is only 
under proper conditions, however, that these results can be obtained. 
The wheels must be true and they must not be forced into the work 
to too great an extent, for this produces a torn effect upon the work, 
which is to be avoided. 

8 In considering a piece of work to be done, first of all the ques- 
tion arises as to the size and the limits suitable for the purpose for 
which it is intended. Table 1 gives the limits used at the Brown & 
Sharpe Mfg. Co.’s works for varying conditions. There are special 
cases where it may be necessary to increase or to decrease these limits, 
and this table is not offered as the final word but as a guide towards 
selection. 

9 Thesecond necessity is that sizes should be established to which 
the work should be rough turned ready for the grinding room. In 
our works, as in all factories, the aim is to produce the desired results 
as cheaply as possible. Our desired ends have been accuracy and 
nicety of finish where the parts ground are for fits, and nicety of finish 
where no fit is required. To do this work as cheaply as possible we 
believe that it is economical to turn the pieces to about the sizes 
indicated in Table 2. It will be noted that we allow from 0.008 in. 
to 0.012 in. in diameter, an amount easily obtained by the ordinary 
class of lathe help. In order to make this work as easy as possible for 
the lathe department, we furnish the limit gage shown in the sketch. 
Weare aware that practice varies on this point, and we have thoroughly 
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TABLE 1 GRINDING LIMITS FOR CYLINDRICAL PIECES! 


As ApopTrep By Brown AND SHARPE Mra. Co., 
RUNNING FITS—ORDINARY SPEED 


To 4-in. diameter, 0.00025 to 0.00075 Small 
To 1 -in. diameter, 0.00075 to 0.0015 Small 
To 2 -in. diameter, 0.0015 to 0.0025 Small 
To 34-in. diameter, 0.0025 to 0.0035 Small 
To 6 -in. diameter, 0.0035 to 0.005 Small 
RUNNING FITS—HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS 
SLIDING FITS 
0.00025 to 0.0005 Small 
0.003 to 0.005 Small 
STANDARD FITS 
DRIVING FITS—FOR SUCH PIECES AS ARE REQUIRED TO BE READILY TAKEN APART 
To 1-in. diameter, inc............... 0.00025 to 0.0005 Large 
0.0005 to 0.001 Large 
DRIVING FITS 
ied os 0.002 to 0.003 Large 
0.004 to 0.005 Large 
FORCING FITS 
aes .. 0.004 to 0.006 Large 
To 6 -in. diameter, inc.......... ate ini . 0.006 to 0.009 Large 
SHRINKING FITS—FOR PIECES TO TAKE HARDENED SHELLS }-IN. THICK AND LESS 
... 0.001 to 0.0015 Large 
To 3}-in. diameter, inc........ bene ‘ .. 0.0015 to 0.002 Large 
To 6 -in. diameter, inc..... Large 
SHRINKING FITS—FOR PIECES TO TAKE SHELLS ETC., HAVING A THICKNESS OF MORE THAN }-IN, 
Tol -in. diameter, inc....... Large 
To 2 -in. diameter, inc..... Large 
To 34-in. diameter, inc.............. 0.0035 to 0.005 Large 
To 4-in. diameter, inc................ Standard to 0.0005 Large 
GRINDING LIMITS FOR HOLES 
To diameter, ine... ......... Standard to 0.0025 Large 


1 The limits given in the table can be recommended for use in the manufacture of machine parts 
to produce satisfactory commercial work. These limits should be followed under ordinary condi- 
=. Special cases should always be considered, as it may be desirable to vary slightly from the 
tables 
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endeavored to try out the plan of allowing correct limits, but we have 
found it fully practicable to hold the lathe to the limits given. By so 
doing we obtain the finished product free from all tool marks and at 
what we believe is the minimum cost. 

10 Figs. 1 to 6 show some samples of commercial grinding taken 
from actual practice for the purpose of giving an idea of what can be 
done in a commercial way, as well as to give some definite data as to 
speeds, feeds, etc. While it is perhaps not possible to give a rule that 


TABLE 2 LIMIT GAGES FOR LATHE WORK 


1.262 


Size NotGoOn GoOn Size NotGoOn Go On Size NotGoOn Go On 


Inches Inches Inches 
i 0.383 0.387 443 0.9455 0.9495 1} 1.508 1.512 
dé 0.4455 0.4495 1 1.008 1.012 lv 1.5705 1.5745 
j 0.508 0.512 lis 1.0705 1.0745 1} 1.633 1.637 
Ys 0.5705 0.5745 1.133 1.137 1.6955 1.6995 
H 0.633 0.637 1% 1.1955 1.1995 1} 1.758 1.762 
0.6955 0.6995 1} 1.258 1.262 1.8205 1.8245 
3 0.758 0.762 ly 1.3205 1.3245 1} 1.883 1.887 
Ht 0.8205 0.8245 li 1.383 1.387 14 1.9455 | 1.9495 
i 0.883 0.887 ly 1.4455 1.4495 2 2.008 2.012 


will fit all work, these plates should suggest ideas that will help in 
producing the work as well and as cheaply as this has been done in 
the cases shown. When enough pieces of any one kind are to be 
made it is possible to specialize to a higher degree than can be done 
in the general run of work, and better results may be obtained than 
are shown here. 

11 The examples of commercial grinding given in Figs. 1 to 6 illus- 
trate what is being done under actual working conditions in commer- 
cial work on the variety of pieces indicated, which are of various mater- 
ials, both soft and hard. A reversal of the usual rule, where economy is 
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gained by having one man operate more than one machine, is shown 
in Fig. 6, where work is most economically produced by using two 
men to run one machine, that is, having one man to operate it and a 
helper to drive the work on and off the arbor. All other data are 
based on one man to a machine. 

12 These pieces passed inspection within the limits given. The 
average loss from work of this class coming below the required limit 
or being otherwise spoiled is less than } of 1 per cent in our grinding 
department. 

13 Figs. 7 to 13 are each notated to show the peculiar features that 
exist in the work, together with the data that may be of help in de- 
ciding upon other work of this class. 


Fic. 7 PLUNGER—CASE HARDENED 


This piece is ground at the rate of 145 per hour. Only a small amount 0.006 
in., is taken off to prevent grinding below the case-hardened surface. Ground 
on No. 11 plain grinding machine. As this piece is only about 1 in. long it is 
quite difficult to handle, and this somewhat reduces the output. 

An elastic wheel 36, grade 5 is used; speed of wheel, about 6000 ft. per min; 
speed of work, about 35 ft. per min. 


Fic. 8 Bronze BusHING 


These bushings are ground at the rate of 30 per hour. Ground on No. 12 or 
No. 14 Plain Grinding Machine. 

About 0.020 in. of stock is removed from the diameter. A 54 grade M Amer- 
ican wheel is used; speed of emery wheel, about 6500 ft. per min.; speed of 
work, about 70 ft. per min. 
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MODERN GRINDING METHODS 


By B. M. W. Hanson, Hartrorp, Conn. 


Member of the Society 


One of the oldest, perhaps the oldest, means for reducing material 
for the purpose of giving it the desired shape, is by grinding. Our 
ancestors ground their stone axes and arrow points against a rock, 
by rubbing them back and forth. The next advance in grinding was 
probably the revolving of a stone on an axle turned by a crank. It 
was soon discovered that by having water running on a stone, the 
grinding could be done faster. This discovery was probably made by 
accident, since at that time nobody would have thought of the reason 
so long as results were obtained. 

2 Grinding had then advanced to a point where the grinding 
member revolved in a fixed position, but the piece to be ground was 
held in the hands of the operator, and by manipulating it at different 
angles to the grinding surface, a shape was obtained which met the 
requirements reasonably well. The art seems to have remained at 
this stage for centuries and not until the lathe and other machine 
tools had been in use for a long time was it thought to hold the piece 
of work in a fixed position against a revolving grinding member also 
having a fixed position. 

3 The grinding machine as now used is of comparatively recent 
origin, within the memory of men now living. The first grinding 
machines suggestive of modern methods of grinding were made in 
England and America, but it is in America that they have reached 
their highest development. 

4 The invention of emery wheels made it possible to make fairly 
rapid progress with grinding processes. At first very little work was 
ground which could be machined and filed. The process of grinding 
was confined to pieces of hardened steel, but after awhile it was dis- 
covered that unhardened pieces could be machined and finished more 
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accurately and cheaply by grinding process than by finish turning and 
filing. 

5 The grinding machine for cylindrical surfaces was developed to 
meet all strains and forces due to the cutting power of the shellac 
emery wheel; but when corundum and carborundum wheels were put 
in use it was found that the machinery was not quite strong and heavy 
enough to resist their cutting power or to resist the vibration. Within 
the last few years great improvements have been made notonly in the 
cutting quality of grinding wheels, but in the design of the machines 
themselves; in fact, grinding machinery has become aformidable 
competitor of the lathe and milling machine and seems to be quite up 
to the cutting capacity of the wheels. 

6 The designers of grinding machinery have had a good many 
problems to solve. Different materials require different speeds and 
on the modern grinding machine there must be various speeds for the 
grinding member as well as for the traverse movement of the work; 
and for the revolution of the work in the case of the cylindrical 
grinder. Machines must be designed with water pumps, and the work- 
ing parts must be protected from water as well as from the grit which 
comes from the grinding wheel. The grinding member usually moves 
at a high rate of speed and must have carefully designed bearings 
which will run freely, yet not allow any back lash, as true surfaces 
can only be obtained when the work and the reducing member move 
against each other in fixed positions. Most of these difficulties have 
been met and further refinements are constantly being made. I will 
give a few illustrations of such improvements further on. 

7 The grinding machines now used can be divided into two large 
groups; machines for cylindrical grinding and machines for grinding 
flat surfaces. Cylindrical grinders are well known and have been 
highly developed by four machine-tool builders in this country. The 
other style of grinder, the surface grinder, is best known as a planer 
type machine, with a wheel grinding on its periphery, and fed across 
the surface in much the same manner as a tool is fed across the surface 
on a planer or shaper. Another type is the vertical surface grinder 
with a cup-shaped wheel working in much the same manner as an end 
mill on a vertical milling machine. 

8 In doing work on lathes or milling machines, it is comparatively 
easy to reproduce several pieces to the same dimensions by adjust- 
ing the machine to asize. This is possible because the reducing mem- 
ber, which is the turning tool, will resist wear for a considerable 
length of time without making any difference in the size of the work. 
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With grinding machinery this is more difficult since the reducing 
member is constantly wearing away at a rapid rate. For very close 
work it is necessary to readjust the machine for every piece to be 
ground, which of course requires skill and time. 


Fie. 1 View sHowinGc Device (at A) For CYLINDRICAL GRINDER, AND 
Maanet (at B) THROUGH THE OPERATION OF WHICH THE FeEeD 1s CONTROLLED 


9 The devices shown in Fig. 1 are of such’construction that they 
control the size of the work, no matter how much the reducing mem- 
ber wears way. When the work has reached the desired size, which 
can be predetermined by suitable adjustments, the machine will auto- 
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matically throw out the feed and new pieces can be put in, one after 
another, and these will be automatically ground to practically the 
same diameter, say within one-quarter of a thousandth of an inch. 

10 This result is brought about by controlling the feed of the 
reducing member electrically. The mechanism of the controlling 
device is shown in Fig. 2. The lever A carries a smooth-pointed dia- 
mond which bears against the work W at a and at its other end is 
the point b for electrical contact. There is a second lever C with con- 
tact points atc, andacontact point d isattached to the frame. Asthe 
diameter of the work is reduced the long arm of lever A drops until 
point b touches the contact point at c, which, through an electrical 
connection changes the feed of the wheel and causes it to move against 
the work at a slower rate. When the work has been reduced to size, 


Fig. 2 View sHOWING MECHANISM OF S1zING DEVICE 


lever A drops still further, carrying with it lever,C, until an electrical 
connection is established between points c and d which throws out the 
feed. 

11 It will easily be seen that an operator can manipulate more than 
one of these machines and that by their use less skillis required to get 
uniformity of size. In this design the size of the work is controlled by 
contact with the work itself, which is the preferable way, but the same 
results could be obtained by contact with the reducing member. This, 
however, would be more difficult because of the coarseness of the re- 
ducing member and its ability to wear away the contact point faster 
than does the work. 
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12 Another recent device is the back rest, shown in Fig. 3. It 
has been found necessary to support the work as rigidly as possible 


Fic. VirewsHowine Back Rest PLAcE; aLso OVERHEAD DruM, WHICH 
IS MADE AN INTEGRAL Part OF THE MACHINE 


throughout its length, but as the work is constantly being reduced in 
diameter, the back rest must be kept in contact with the work either 
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by hand or automatically, and hand adjustment requires considerable 
skill. In the device shown it is accomplished automatically, the 
back rest advancing at exactly the same rate that the diameter of the 
work is reduced by the wheel; and as it advances, the back rest mem- 
ber is locked solid, making it impossible to spring it by the wheel 
pressing against it when traveling across. 

13 This view also shows the overhead drum, which is made an 
integral part of the machine. The main drive for the machine is 


Fic. 4 Back Rest, DesiGNep tro Fottow THE Work As IT REDUCES IN 
DIAMETER AND TO LocK AUTOMATICALLY AGAINST THE PRESSURE OF THE 
WHEEL 


by single belt to a short shaft at the base, from which the drives 
for the wheel and the drum are belted. This arrangement avoids 
a complicated overhead countershaft and enables the operator to 
change the speeds and manipulate the various mechanisms with 
ease. 

14 The operation of the back rest will be understood from Fig. 4. 
The arm A which supports the work is held in contact with the work 
by means of the weighted lever B, fulerumed in the frame. 
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against the adjusting screw D at point C and causes the arm to slide 
in an upward direction on pin HZ. As lever B is depressed a roller 
F travels downward into the V-shaped space formed by the upper 
surface of lever B and the lower surface of the casting G, this roller 
preventing any upward movement of the lever and consequently any 
movement of the back rest away from the work. 

15 As said before, surface grinders have usually been made with 
the wheel grinding on its periphery and in some instances it may be 
necessary to continue to do work on this principle, as grooves and 
irregular shapes sometimes have to be ground and the thinness of the 
wheel makes it possible to get into narrow places; but when flat 
surfaces are wanted, the cup-shaped wheel has taken a foremost 
place in grinding. The wheel covers the whole width of the work at 
once and water is forced through the center of the spindle, centrifugal 
force throwing the water outward and compelling it to pass between 
the work and the wheel. It is astonishing with what rapidity work 
can be reduced to a flat surface under this process. 

16 This method of grinding would never have been successful 
if it had not been for the advancement in wheel making. The wheel 
problem in connection with the machine has been most difficult. 
It has been found very essential to select the right kind of wheel for 
different classes of work and for different materials. For grinding 
steel, either hardened or soft, corundum wheels have proved the best 
and for grinding cast iron the carborundum wheel has proved the 
best. The different degrees of hardness must be taken into considera- 
tion when the width of the surfaces to be ground varies. 

17 The makers have decided to place on the market a much larger 
machine of this type than they have made before, shown in Fig. 5. 
This machine has a table stroke of 6 ft., and can grind a piece 6ft. 
long and about 25 in. wide. It can also grind circular rings and dise © 
surfaces up to 30 in. in diameter. The wheel has a diameter of 30 
in. and the whole machine is driven from a single belt by a 40-h.p. 
motor. As this machine has just recently been built, its capability 
is not fully known, but for work that has already been tried it shows 
very encouraging results. For such work as grinding guide bars, 
slide valves and link motions for locomotives, large stamping dies 
such as are used in electric works, facing automobile cylinders and 
automobile engine frames, I believe it will show its superiority over 
any other method by several hundred per cent. In one of the trials 
a surface of cast iron, 6 ft. long and 20 in. wide was reduced in thick- 
ness 0.01 in. in five minutes, leaving an excellent finish and an exact 
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Fic. 6 Exampies or No. 1, Pressep Sree, 15 per Hour; No. 
2, MALLEABLE IRON, 15 PER HOUR; No. 3, MALLEABLE IRON, 12 PER HOUR : 


Fic.7 Examp.es oF GRINDING: CHucK PLATES, GROUND BO1H SIDES, 6-IN. 
20 PER HOUR; 9-IN. 15 PER HOUR; 12-1N. 10 PER HOUR;) {VISES, GROUND ON TWO"3 
EDGES, TOP AND ONE CLEANED ONLY, 20 PER HOUR 
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flatness. In fact when tested no point in the surface showed out of 
true more than 0.0005 in. In grinding steel this type of surface grinder 
produces chips that look very much like metallic wool, which seems to 
indicate that when a*cupped wheel passes over the work the chips 
are made by theouter edge of the wheel in the same manner as chips 
produced by the outer edge of an end milling cutter. Ifthe chips were 
made underneath the broad contact surface of the wheel there would 
not be room for them to curl up in the small places which are left 


3 Cust tron 


9 


Fic. 8 Examp.es or GrinpING: No. 1, cast 1RON, 15 PER HOUR; No. 
2, CAST IRON, 60 PER HOUR; No. 3, CAST IRON, 25 PER HOUR; No. 4, ALUMINUM, 
30 PER HOUR 


between each cutting particle of the grinding wheel. The largesur- 
face in contact with the work simply smooths the surface. 

18 The table on these machines is provided with different feeds. 
It is difficult to make an exact rule as to what feeds to use for differ- 
ent materials, but the operator can determine this by running the 
machine a few minutes. The difficulty lies in the fact that wheels 
supposed to be made of the same specifications, vary considerably 
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and consequently the feed has to be regulated not only to suit the 
material being ground but also to suit the cutting ability of the wheel 
to be used. At the present time it is safe to say that grinding machin- 
ery is fully developed to the cutting capacity of the wheels and there 
will probably not be any essential changes until the grinding wheels 
have reached a’ higher development. 

19 In Figs. 6 to 9 several photographs are shown of work which 
has been ground on vertical cupped-wheel machines. In some in- 
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Fie. 9 Exampre or GrinpinG: MaAcHINE Frame, Cast Iron, 
15 PER HOUR 


stances such as in the production of small gun parts, like hammers 
and triggers, the work has been done from fifteen to twenty times 
faster than it can be milled and it has a smoother and more accurate 
surface. This is especially true where the surfaces are not too wide. 
20 To give an idea of the capacity of a grinding machine having 
a cupped wheel for grinding flat surfaces, compared with a grinding 
machine having a wheel grinding on its periphery and working on the 
principle of a planer, it is worth while to note the following: 
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21 The traversing speed of the work or the work table can be 
assumed to be the same. If a piece is 6 in. long and 3 in. wide, the 
machine grinding on its periphery will take about 48 strokes to cover 
the surface, assuming 1's-in. feed for each stroke. The cupped-wheel 
machine will do the same amount of work with one stroke or in about 
yy the time. These proportions are essentially true on hardened 
steel or on any kind of work where a nice finish is required. 


GENERAL NOTES 
AMERICAN INSTITUTE OF MINING ENGINEERS 


A meeting of the American Institute of Mining Engineers was held in the 
Canal Zone, Central America, November 1 to 8. About 125 members and 
guests of the Institute sailed from New York October 21 to attend the meeting. 
Stops were made en route at Havana, Cuba, for one day, and at Kingston, 
Jamaica, for two days. 

At Havana the party was received at the Palace by President José Miguel 
Gomez. Each member was individually presented to the President, who 
expressed the pleasure it afforded him to meet such a distinguished gathering. 
The party was taken around the city and suburbs in automobiles and carriages 
and visited many historic places. Morro Castle, in particular, proved intensely 
interesting. 

At Kingston, Jamaica, special trains and carriages were provided, to visit 
Constant Spring, Castleton Gardens, Bog Walk and Spanish Town. 

The eight days in the Canal Zone were devoted to excursions to various points 
along the line of the Canal, to inspect engineering features of the undertaking. 

Sessions for technical discussion were held on the steamer on the afternoons 
of Oct. 24, 27 and28. Thesmooth sea and pleasant weather permitted these 
sessions to be held on deck. On October 24 and 27 the topic of Mine Fires was 
discussed with papers on the Summit Hill Mine-Fire, by W. S. Lathrop; Mine 
Fire at the Calumet and Hecla Mine, No. 8 Shaft, by 8. D. Warriner, Mem. 
Am.Soc.M.E.; Fire in the Big Lick Stope, Lykens Valley and Williamstown 
Colliery, by R. V. Norris, Mem.Am.Soc.M.E.; Fire in the Monarch Mine, 
near Rock Springs, Wy., by 8S. A. Taylor; Fire in the Anaconda Mine, Butte, 
Mont., by David W. Brunton, and in the Leonard Mine, Butte, Mont., by Chas. 
W. Goodale; Mine-Fire in the Luke Fidler Colliery, Shamokin, Pa., by R. V. 
Norris, Mem.Am.Soc.M.E.; Four Fires at the Vulcan Mine, Vulcan, Mich., 
by William Kelly; Results of the Recent Explosion in the Esperanza Mine, 
Coahuila, Mex., by Edw. W. Parker; Fire in the Kimberley Mine. South Africa, 
by Gardner F. Williams; Gold-Mines of the Rand, by Hennen Jennings. At 
subsequent sessions papers were presented on the Production of Pig Iron by 
the Electric Furnace in Sweden, by Prof. Joseph W. Richards; Operations in 
the Canal Zone, by W. L. Saunders, Mem.Am.Soc.M.E.; The Social and Eco- 
nomic Conditions in Panama and the Canal Zone, by John M. Sherrerd, Mem 
Am.Soc.M.E.; Coal-Mining Machinery, by E. W. Parker; Diamonds of the 
Rand, by Gardner F. Williams; Recent Water-Power Developments in Mon- 
tana, and the Uses of Electric Power in Pumping, Compressing and Hoisting, 
by Chas. W. Goodale; The Manufacture of Electrical Machines for Mining 
Plants, by David B. Rushmore, Mem.Am.Soc.M.E. 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


At the monthly meeting of the American Institute of Electrical Engineers 
on Friday evening, November 11, in the Engineering Societies Building, a 
paper on Interpoles and Synchronous Converters by B. G. Lamme and F. D. 
Newbury, both of the Westinghouse Electric and Manufacturing Company, 
Pittsburg, Pa., was presented for discussion. 


AMERICAN MUSEUM OF SAFETY 


The American Museum of Safety was opened on Monday evening, November 
21, in the Engineering Societies Building, 29 West 39th Street, New York, 
under the supervision of the director, Dr. W. H. Tolman. This is designed to 
be the headquarters of a national movement directed to the conservation of 
human life, the sanitation of environments, and the prevention of accidents. 
The exhibits are in three sections: safety, sanitation and mutuality. The first 
classification includes safety devices and appliances relating to generation and 
transmission of power; fire and explosives; electricity, building trades, decora- 
tive arts; agriculture, mining, lumbering; foods and conserves; manufacture 
of machines, tools and apparatus; stone and earth; textiles, transportation 
by land and sea, and theatrical enterprises. The second covers water, ventila- 
tion, heating, lighting, dusts, sewage and its disposal, noise lessening, alcoholism 
and housing; while under the third are comprised service insurance, pensions, 
liability and compensation, thrift and saving funds. One of the conspicuous 
exhibits is a model of a modern house with fire-proof roofing, new water filters 
for household, factory, field and laboratory use, in which the filtering medium 
is a hollow cylinder made of infusorial earth. 

This museum is similar to those in Europe, of which thirteen have already 
been established. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


The annual meeting of the American Society of Civil Engineers will be held 
in the society house, 220 W. 57th St., New York, on January 18 and 19, 1911. 


NATIONAL MACHINE TOOL BUILDERS ASSOCIATION 


The ninth annual meeting of the National Machine Tool Builders Associa- 
tion was held at the Hotel Astor, New York, October 25 and 26. The first day 
was entirely devoted to business and to meetings of the several section com- 
mittees. At the morning session, October 26, the following papers were read: 
Who Should Pay the Expenses of a Representative from the Factory When 
Sent out at Request of the Dealer to Help Close the Deal. F. L. Eberhardt, Mem. 
Am.Soc.M.E., and C. H. Norton. The Use of Ball or Roller Bearings in 
Machine Tool Construction, Henry Hess, Mem.Am.Soc.M.E.; Advertising— 
Large Space in a Few Papers vs. Small Space in a Number of Papers, Thomas 
A. Moore; Concrete vs. Wood Flooring, J. N. Heald. The afternoon session 
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was opened with addresses on the Design and Construction of Machine Tools 
from the Users’ Standpoint, C. K. Lassiter, Mem.Am.Soc.M.E., and John 
Riddell, Mem.Am.Soc.M.E. A striking commentary upon the work accom- 
plished during the year is the increase in membership. 


INTERNATIONAL CONGRESS OF REFRIGERATION 


The second International Congress of Refrigeration was held at Vienna, 
Austria, October 5-16, 1910, and had a large attendance of Americans who 
were well represented in the papers presented. Among these were, The Rela- 
tion of Micro-Organisms to Low Temperatures, Edwin F. Smith; New and 
Improved Methods in Manufacturing Ice, Van Rensselaer H. Greene; Investi- 
gations as to the Efficiency of Ammonia Compressors when Running under 
Dry and Wet System; Conditions of Acceptance, Various Tests of Mater- 
ialsand Parts entering into the Construction of Refrigerating Apparatus, 
Peter Neff; New Arrangements and Improvements in the Construction of 
Apparatus for Refrigeration, F. E. Mathews; Transportation of Perishable 
Freight in America, E. F. MePike. While the meeting place of the third con- 
gress had not yet been decided, an invitation to hold it in the United States 
has been extended to the organization by President Taft and was warmly 
seconded by the Americans present. 


INTERNATIONAL CONGRESS OF MINING, METALLURGY AND PRACTICAL 
GEOLOGY 


An International Congress devoted to Mining, Metallurgy and Geology was 
held at Dusseldorf, Germany, June 20 to 24, and was attended by about 1500 
engineers, of whom, however, less than a dozen were from North America. 
The arrangements for the Congress were made by a committee representing 
the principal German iron and steel manufacturers in the lower Rhine district, 
of which Dusseldorf is a principal center, the chief responsibility being carried 
by Dr. Ing. H. C. Emil Schroedter, Secretary of the Verein Deutscher Eisen- 
huttenleute, the great German society of iron and steel metallurgists. 

A long list of papers was prepared for the Congress dealing with the latest 
practice in iron and steel metallurgy, mining and practical geology and the 
machinery used in mining and in steel production. In order to cope with this 
varied field, the Congress met in four different sections for the presentation 
and discussion of the papers in these several lines of work. The technical 
sessions of the Congress took place on Monday, June 20 and Tuesday, June 21. 
While the bulk of the papers read were by German engineers, there were also 
important papers contributed from the United States and Canada and from 
England, France and other European countries outside of Germany. The 
complete papers and discussions at the Congress are to be published in a 
bound volume at an early day. 

The remainder of the time was devoted to excursions to iron and steel works, 
mines, ete., in the Dusseldorf district and to enjoyment of the lavish enter- 
tainment provided for the visitors by the city of Dusseldorf. Over 30 of the 
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important iron and steel works, machine shops and mines in the vicinity of 
Dusseldorf were opened to inspection, and the delegates to the Congress, 
divided into parties of convenient size, spent Wednesday and Thursday in 
visits to these different establishments. 

On Tuesday evening the visitors were entertained at a dinner given by the 
city of Dusseldorf in the Tonhalle, or Municipal Concert Hall. On Wednes- 
day evening they were taken on a steamboat excursion on the Rhine conclud- 
ing with ageneral illumination of the city’s waterfront and display of fireworks, 
with Count Zeppelin of dirigible balloon fame as the guest of honor. On 
Thursday the entire party assembled at Essen, where the concluding session 
was held in the hall of the Rhenish-Westphalia coal syndicate. Addresses were 
made by delegates from each country participating in the Congress and it was 
stated that a permanent organization had been formed which will arrange for 
future sessions of the Congress, the next one to be held in London in 1915 by 
invitation of the delegates from Great Britain. After adjournment the 
delegates were entertained by the city of Essen, at a dinner and entertain- 
ment in the municipal concert hall and garden. On Friday a large number 
of the delegates were taken on an excursion to Brussels, where the Expo- 
sition was visited. 

The Society was represented at the Congress by Vice-President Charles 
Whiting Baker of New York, Editor of Engineering News. 


NATIONAL SOCIETY FOR THE PROMOTION OF INDUSTRIAL EDUCATION 


The fourth annual convention of the National Society for the Promotion 
of Industrial Education was held in Boston, November 17-19, 1910. Thurs- 
day was occupied with two sessions, one in the morning on the subjects, De- 
mands and Opportunities for Girls in Trades and Stores, with addresses by 
Dr. Susan M. Kingsbury, D. 8. Edwards, Mrs. Lucinda W. Prince and others; 
and one in the afternoon on the Training of Teachers for Girls’ Trade Schools, 
with Mrs. Mary 8. Woolman, Sarah Louise Arnold, Florence M. Marshall, as 
the speakers. On Thursday evening a public banquet was given in the Hotel 
Somerset and a welcome extended by the Lieutenant Governor of Massa- 
chusetts and by the Mayor of Boston. Speeches were also made by Frederick 
A. Delano. Frederick P. Fish, Chas. H. Winslow and Prof. Chas. R. Rich- 
ards, Mem.Am.Soc.M.E., and President of the National Society for the 
Promotion of Industrial Education. 

At the sessions of Friday, Apprenticeship and Corporation Schools were con- 
sidered in the morning, Magnus W. Alexander, Mem.Am.Soc.M.E., acting 
as chairman, with addresses by Tracy Lyon, Mem.Am.Soc.M.E., F.W. Thomas, 
Samuel F. Hubbard, George G. Cotton, Mem.Am.Soc.M.E.. and G. M. Bas- 
ford, Mem.Am.Soc.M.E. In the afternoon addresses on the subject of Part 
Time and Evening Schools were made by W. B. Hunter, Adelbert L. Safford, 
Frank B. Dyer, Stratton D. Brooks and C. A. Prosser. Dr. George Kezschen- 
steiner, Superintendent of Schools in Munich, delivered a lecture on Friday 
evening on Continuation Schools of Germany. At the concluding professional 
session on Saturday, the Social Meaning of Industrial Education was con- 
sidered, with T.N.Carver, Chas. H. Winslow and othere as the speakers. 
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The officers for the ensuing year, elected at the annual business meeting, are 
President, Chas. R. Richards, Mem.Am.Soc.M.E., Director of Cooper Union; 
Vice-President, J. W. Lieb, Jr.. Mem.Am.Soc.M.E., New York Edison Co.; 
Treasurer, Frederic B. Pratt, Pratt Institute, Brooklyn; Secretarv. Edward H. 
Reisner, Columbia University. 


NEW YORK ELECTRICAL SOCEITY 


The New York Electrical Society is signalizing the 40th year of its existence 
by a series of lectures on electricity and applied science. The program com- 
prises addresses on Animated Photography in Natural Colors, by Gilbert H. 
Aymar; The Effect of the Telephone on Modern Industrial and Social Life, 
by Herbert N. Casson; The Catskill Water Supply, by Hon. Chas. N. Chadwick; 
Electricity at the Panama Canal, by David B. Rushmore, Mem.Am.Soc.M.E; 
Hydro-Electric Development in Mexico, by F. O. Blackwell; The Rapid Tran- 
sit Problem of New York City, by H. St. Clair Putnam; Wave Motion by Elec- 
tricity and Other Energy, by Dr. Chas. P. Steinmetz,Mem.Am.Soc.M.E.; 
The Physics of Light Sources, by Dr. Edward P. Hyde; The Relation of the 
Modern Incandescent Lamp to the Central Station, by 8. E. Doane. All of 
these lectures, with the exception of that by Mr. Blackwell which will be de- 
livered in the Hispanic Society Building, will be given in the Engineering 
Societies Building, and a card of invitation can be secured on application by 
any member of The American Society of Mechanical Engineers from the Secre- 
tary, Mr. George H. Guy. 


SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 


The eighteenth general meeting of the Society of Naval Architects and 
Marine Engineers was held in the Engineering Societies Building, New York, 
November 17 and 18. Among the papers read were: Notes on the Armaments 
of Battle Ships, Sir William White; The Evolution of Screw Propulsion in the 
United States, Part 2, Charles H. Cramp; The History and Economic Value 
of Canals with Special Reference to the Cape Cod Canal, Jacob W. Miller; 
Coaling War Ships; Notes of Progress, Spencer Miller; Floating Dry Docks in 
the United States; Relative Value of Wood and Steel for their Construc- 
tion. William T. Donnelly; Our Constitutional Shipping Policy and the Com- 
pact for its Establishment, William W. Bates; An Analysis of Tests of Water- 
tight Bulkheads, with Practical Rules and Tables for their Construction, 
William Hovgaard; Comparative Results in Steam and Coal Consumption 
with Turbines, Reciprocating Engines and a Combination of the Two, on the 
Steam Yacht Vanadis, Clinton H. Grane; The Gyroscope for Marine Purposes, 
Elmer A. Sperry; New Propelling Machinery of the S. S. Creole, John F. 
Metten; Some Suggestions for Reducing Loss by Fire on Shipboard, Samuel 
D. MeComb; Two Marine Installations of Producer Gas Power, Charles B. 
Page. 
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PERSONALS 


Alfred R, Bench, formerly connected with the W. H. Zimmerman Co., 
Chicago, Ill., has become associated with the Taylor Iron & Steel Co., High 
Bridge, N. J. 


Joseph Breslove has entered the employ of the Nivison-Weiskopf Co. Until 
recently he was associated with the Westinghouse Machine Co., East Pitts- 
burg, Pa. 


Edwin H. Brown has formed a partnership with Edwin H. Hewitt under the 
firm name of Hewitt & Brown, Architects and Engineers, with offices in Minne- 
apolis, Minn. Mr. Brown was until recently identified with the Cadwell & 
Brown Co., Minneapolis, Minn. 


Thurlow E. Coon and John DeVisser have formed a partnership, under the 
firm name of Coon-DeVisser Co., with offices in Detroit, Mich. They will con- 
duct a general power plant business. 


William T. English, formerly president of the English & Flett Co., Inc. 
Boston, Mass., is now president of the Walworth-English-Flett Co., of the 
same city, a consolidation of the company with the Walworth Construction & 
Supply Co. 


A. E. Greene has resigned his position as chief engineer of the New Departure 
Manufacturing Co., Bristol, Conn., and has opened an office in Hartford, Conn. 


Charles A. Howard has become identified with Gunn, Richards & Co., New 
York as mechanical engineer. He was formerly manager of the turbine depart- 
ment of E. W. Bliss Co., Brooklyn, N. Y. 


R. M. Hvid has accepted a position with the Advance Thresher Co., Battle 
Creek, Mich., as engineer in charge of construction. 


L. L. Johnson has resigned his position as gas engineer of the electrical de- 
partment of the Southern Pacific Co., San Francisco, Cal., to take up con- 


sulting engineering relative to gas power and fuel plants, with office in 
Indianapolis, Ind. 


W. A. Kennedy, formerly instructor of mechanical drawing, Brown Uni- 
versity, Providence, R. I., has become testing engineer of the General Fire 
Extinguisher Co., of the same city. 
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Gompei Kuwada has become associated with the Osaka Gas Co., Osaka, 
Japan. He was formerly superintendent of machine shops, Kawasaki Dock 
Yard Co., Kobe, Japan. 


Kenneth B. Millett hasentered the employ of the Newburgh Ice Machine & 
Engine Co., Newburgh, N.Y. Untilrecently, Mr. Millett was factory super- 
intendent of the Protal Co., Bridgeport, Conn. 


J. E. Muhlfeld, formerly general superintendent of motive power of the 
B. & O. R. R., Baltimore, Md., has been appointed vice-president and general 
manager of the Kansas City Southern Railway, Kansas City, Mo. 


C. D. Pettis, formerly associated with the Hewitt Manufacturing Co., 
Chicago, Ill., has accepted a position with the American Brake Shoe & 
Foundry Co. of the same city. 


Hollis P. Porter, recently president and manager of the Schlafli & Porter 
Co., Houston, Tex., has accepted a position with the Cerro de Pasco Mining 
Co., Peru, 8. A., as chief engineer of power. 


A. J. Purinton has become associated with the St. Joseph Railway, I ight, 
Heat & Power Co., St. Joseph, Mo., inthe capacity of general superintendent. 
He was formerly manager for receiver, Toldeo & Chicago Interurban Railway 
Co., Kendallville, Ind. 


Paul S. Rattle hasrecently taken charge of the pump and compressor depart- 
ment of the Mine & Smelter Supply Co., Denver, Colo. Mr. Rattle was for- 
merly associated with the Hicks Locomotive & Car Works of the same city. 


David H. Ray was appointed chief engineer of the Bureau of Buildings of 
the Borough of Manhattan. He was formerly associated with the faculty of 
the College of the City of New York. 


William A, Richards has been placed in charge of the machine shops of the 
University High School, University of Chicago, Chicago, IIl., in additionto 
the forge and foundry which he has had for the last two years. 


Wilbur N. Sar Vant has accepted the position of assistant chief engineer of 
the Standard Turpentine Co. of Florida, Jacksonville, Fla. 


Ernest B. Sellew, formerly chief draftsman of Potter & Johnston Co., Paw- 
tucket, R. I., has been appointed president and manager of the Sellew Machine 
Tool Co. of the same city. 


Charles P. Smith formerly associated with the General Electric Co., Lynn, 
Mass., has become identified with the Lower Pacific Mills, Lawrence, Mass. 


William 8. Twining has become identified with Ford, Bacon & Davis, New 
York. He was until recently chief engineer of the Philadelphia Rapid Transit 
Co., Philadelphia, Pa. 
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James A. White, formerly connected with the General Electric Co., Lynn’ 


Mass., has accepted a position with the Worcester Pressed Steel Co., Worces- 
ter, Mass. 


Alan G. Williams has been appointed general foreman of the Buffalo Shops 
of the Pennsylvania R. R. Co. He was formerly night enginehouse foreman 
of the Co. at Oil City, Pa. 


. 
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ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society, included in the Engineering 
Library. Lists of accessions to the libraries of the A. I. E. E. and A.I. M. E. can be secured on 
request from Calvin W. Rice, Secretary, Am. Soc. M. E. 


AMERICAN STREET AND INTERURBAN RarLway ACCOUNTANTS ASSOCIATION. 
1910. Papers read at Convention, 1910. Gift of American Street and 
Interurban Railway Association. 

AMERICAN STREET AND INTERURBAN RAILWAY TRANSPORTATION AND TRAFFIC 
ASSOCIATION. Papers read at Convention, 1910. 1910. Gift of American 
Street and Interurban Railway Association. 

ASOCIACION DE INGENIEROS Y¥ ARQUITECTOS DEL Uruauay. Revista. Ano. 
11-1908. Montevideo, 1908. 

CAMBRIDGE (Mass.) Water Boarp. Annual Report 1909-1910. Cambridge, 
1910. 

Decimai AssociaTion. Report of Debate on the Metric System in the House 
of Representatives of the Commonwealth of Australia on August 4, 1910. 
London. 

FRANKLIN INstiTuTE. Index to the Journal. 1826-1885. Philadelphia, 1890. 
Gift of H. R. Towne. 

InpicaTtor HanpBoox. Ed. 4. By C. N. Pickworth, New York, 1910. Gift 
of the author. 

MEMORIALS OF THE LINEAGE, EarLy Lire, EpucaTioN AND DEVELOPMENT 
oF THE GENIUS OF James Watt. By George Williamson. 1856. Gift 
of George Tangye, Esquire. 

Metuops oF ProTEecTING EMBANKMENTS AGAINST CURRENTS AND REsSTOR- 
ING THEM WHEN WASHED Our. Report of committee. 

Mopern EquipMent oF Coat Mines. By W. C. Mountain. Paper read be- 
fore the Indian Section of the Institution of Mechanical Engineers, 
January 26, 1910. 

MoNOGRAPHIE SUR L’Erat ACTUEL DE L'INDUSTRIE DU FROID EN FRANCE. 
Congrés de Vienne, October 1910. Paris, 1910. Gift of J. C. Bertsch. 

New Orveans. Sewerage and Water Board. 2lst Semi-Annual Report. 
1910. 1910. Gift of the board. 

Wortp Corporation. By K. C. Gillette. Boston, New England News Co., 
1910. Gift of the author. 


EXCHANGES 


AMERICAN STREET AND INTERURBAN RAILWAY ENGINEERING ASSOCIATION. 
Papers read at Convention, 1910. 

ENGINEERS SOCIETY OF WESTERN PENNSYLVANIA. Proceedings. vol. 25. Pitts- 
burgh, 1909. 
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ENGINEERS Society OF WESTERN PENNSYLVANIA. Charter, By-Laws, List 
of Members, September 15, 1910. Pittsburgh, 1910. 

INSTITUTION OF CrivIL ENGINEERS OF IRELAND. Transactions. vol. 36. 
Dublin, 1910. 

Tue Transit. vol. 14, 15. Iowa City, 1909, 1910. 


GIFT OF MR. J. C. BERTSCH 


APERGU SOMMAIRE DE L’ETAT ACTUEL DE L’APPLICATION DU FROID AU COM- 
MERCE ET A L’ INDUSTRIE EN Russig. St. Petersburg, 1910. 

BERICHTE AN DEN ZEITEN INTERNATIONALEN KALTEKONGRESS IN WIEN 1910. 
Kopenhagen, 1910. 

E1s uND INDUSTRIE vol. 12, no. 10. October 1910. 

ConGréks INTERNATIONAL DES INDUSTRIES FRIGORIFIQUES, VIENNE, 6-11. 
Octobre 1910. Notice sur |’industrie frigorifique des viandes dans la 
Republique Argentine. Buenos Ayres, 1910. 

L’INpustri£ April 1910. Paris, 1910. 

INTERNATIONALEN KALTEKONGRESSES. Wien, 1910. Bulletin no. 5-7, 1910. 

KAutTE InpustTRI£, vol. 7. number 10. October 1910. Hamburg, 1910. 

KUHLANLAGEN DER K. K. REICHSHAUPT AND RESIDENZSTADT WIEN. 

TRANSPORTS DES DENREES PERISSABLES SUR LE RESEAU FERRE DE L’ EMPIRE 
Russe. Par D. de Golovnine. Moscow, 1910. 

User pie OEKONOMIK UND STATISTIK DER WARMEWIRTSCHAFT BEI DER KUNST- 
LICHEN KALTEERZEUGUNG. St. Petersburg, 1910. 

ZEITSCHRIFT FUR Eis unp KALTE INDUSTRIE vol. 3, no. 4, October 1910. 
Vienna, 1910. 

ZEITSCHRIFT FUR DIE GESAMMTE KALTE INDUsTRIE, vol. 17, number 10. 
Munich, 1910. 


INTERNATIONAL REFRIGERATION CONGRESS (2D), VIENNA 1910 


ABATTOIRS AND MARKETS OF PRAGUE. By Em. Stehlik. 

ALIMENTATION DES Nations. By A. de Wendrich. 

ANWENDUNG DER KALTE BEI DER ERZEUGUNG VON AZOFARBSTOFFEN. By 
Daniel Rittermann. 

ANWENDUNG DER KALTE BEI DER BEHANDLUNG VON HAUTKRANKHEITEN. 
By Eduard Schiff. 

Die ANWENDUNG DER KALTE IN DER CurruRGIE. By Hans Lorenz. 

Die ANWENDUNG DER KALTE IN DER MARGARINE-FABRIKATION. By F. Barth. 

ANWENDUNG KUNSTLICHER KALTE IN HiTTENWERKEN. By R. C. A. Ban- 
field. 

ANWENDUNG UND EINRICHTUNG VON OZONAPPARATEN IN KiUjHLRAUMEN. By 
Alois Schwarz. 

APPLICATION OF ARTIFICIAL COLD IN THE MANUFACTURE OF PARRAFFIN IN 
AustriA-HunGaAry. By Philipp Porges. 

APPLICATION OF ARTIFICIAL COLD IN PLANT CULTIVATION. By P. de Vries. 

APPLICATION OF CoLp IN O1L-GAs PropuceR Puants. By J. Reidrer. 

APPLICATION OF Low TEMPERATURES TO THE CURING AND STORAGE OF CHED- 
DAR CHEESE. By. 8S. M. Babcock. 
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APPLICATION OF REFRIGERATION TO THE GLUE AND GELATINE INDUSTRY. By 
Paul Cavalier. 

APPLICATION OF REFRIGERATION TO THE RETARDING OF PLANTS AND THE 
PRESERVATION OF FLowers. By L. C. Corbett. 

APPLICATION OF REFRIGERATION TO THE RAW MATERIALS OF THE PERFUMERY 
Inpustry. By Paul Jeancard. 

ARRANGEMENT AND MANAGEMENT OF OPEN-AIR ARTIFICIAL Ice Rinks. By 
E. Engelmann. 

ARTIFICIAL PRoDUCTION OF Low TEMPERATURE IN THE BIOLOGICAL EXPERI- 
MENTING ESTABLISHMENT. By H. Przibram. 

BEDEUTUNG UND ANWENDUNG NIEDRIGER TEMPERATUREN IN DER TEXTILIN- 
DUSTRIE. By F. Erban. 

Breer TRANSPORT ON RatLways. By Alois Holitsch. 

CHANGES IN THE PHYSICAL AND MORPHOLOGICAL CONDITIONS OF Foop STUFFS 
(MEAT FISH AND MILK) BY CoLp. By Dr. Butzler. 

Coup TECHNICS IN CONNECTION WITH THE PARAFFIN INDUSTRY IN HOLLAND 
AND THE Dutcu Couonigs. By E. Kerkhoven. 

CoLp WitrHout FUEL, AND ITs CONSEQUENCES. By Ch. Tellier. 

CONDITIONS OF ACCEPTANCE, VARIOUS TESTS (RESISTANCE, STANCHNESS, ETC. ) 
OF THE MATERIALS AND PARTS ENTERING INTO THE CONSTRUCTION OF 
REFRIGERATING AppaRATus. By Peter Neff. 

Errect oF CoLp STORAGE UPON THE BACTERIOLOGICAL AND CHEMICAL 
CHANGES IN MILK AND Butrer. By Chas. E. Marshall. 

Errect or Low TEMPERATURES ON THE LIFE PROCESS OF FRUITS AND ON THE 
RATE OF FERMENTATION OF CipER. By H. C. Gore. 

EINFUHR UND AUSFUHR VON FLEISCH IN DEN VERSCHIEDENEN LANDERN UND 
BEANTWORTUNG DER FRAGE: IsT FUR DIE NIEDERLANDE DIE EINFUHR 
VON GEFRORENEM UND GEKUHLTEM FLEISCH AUS DEM AUSLANDE WiN- 
SCHENSWERT. By F. B. Lohnis and D. A. de Jong. 

EXLEKTRISCHEN FERNTHERMOMETER. By J. Rautenkrantz. 

EXPERIMENTS ON Dry AND Wet CoMPRESSOR PROCEDURE OF CONDENSING 
Steam Macuines. By Adolph Tegetmayer. 

LA FABRICATION DE LA GLAcE. By Mr. Sandras. 

FABRIKATIONSPROZESSE, WELCHE ZUR GEWINNUNG VON PARAFFIN UNTER 
VERWENDUNG VON KiUNSTLICHER KALTE DIENEN. 

FLEISCHFRAGE UND KALTE-INDUSTRIE. By Eugen Vamos. 

HANDLING Ice at Ick PLANTS AND Car IctnG Stations. By H. B. Wood. 

IMPORTANCE OF REFRIGERATION FOR Foops WITH SPECIAL CONSIDERATION 
or Mitkx. By Hans Messner. 

IMPROVED Metuop or PackinG Fish ror TRANSPORT AND KEEPING 
It FRESH AND SWEET FOR A LONG Time. By A. Solling. 

INFLUENCE AND APPLICATION OF CoLD IN MerceErRIstInG. By A. Kirchacker. 

INSTALLATIONS FRIGORIFIQUES DE LA VILLE DE PraGcvue. By Louis Cizek. 

INstTRUCTION IN CoLp Trecunics IN HOLLAND. By M. de Haas. 

INTERNATIONAL REFRIGERATION CONGRESS, VIENNA, 1910. Programme of 
the Commission on Transportation. By R. Bloch. 

INVESTIGATIONS AS TO THE EFFICIENCY OF AMMONIA COMPRESSORS WHEN 
RUNNING UNDER Dry anp Wert ConpitTions. By T. Shipley. 

KONTROLLE DER KijHLANLAGEN. By E. Jalowetz. 
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K@HLANLAGEN ALS AKKUMULATOREN FUR DIE ARMEEVERSORGUNG IM FELDE. 
By H. Heiss. 

MANUFACTURE OF CrysTAL IcE FROM ExHAUST STEAM AND THE PRACTICAL 
RESULTS OBTAINED BY THIS Process. By R. C. A. Banfield. 

NEw AND IMPROVED ARRANGEMENTS IN THE INSTALLATION AND OPERATION 
or Ice Factories. By Van R. H. Green. 

New ARRANGEMENTS AND IMPROVEMENTS IN THE CONSTRUCTION OF APPA- 
RATUS FOR REFRIGERATION, RESULTS OF EXPERIMENTS THEREON. By F. 
E. Matthews. 

Die ORGANIZATION DER KALTE-VEREINE. By Alois Schwarz. 

PossIBILITy OF EMPLOYING TURBO-BLOWERS aS COOLING MACHINE CoNn- 
DENSERS. By Hans Lorenz. 

PRECOOLING OF FRUIT IN THE UNITED States. By 8. J. Dennis. 

REFRIGERATING PLANTs ON Snips. By H. Wagner. 

REFRIGERATION AND VENTILATION OF INHABITED Puiaces. By H. Torrance, Jr. 

RELATION OF Micro-OrGaNnisms TO Low TempEeRaTuRES. By E. F. Smith. 

Suart SINKING BY FREEzING Process. By Franz Drobniak. 

SUPERHEATED VaPpors EMPLOYED IN REFRIGERATION. By J. E. Siebel. 

Statistics OF REFRIGERATED TRANSPORTATION. By M. A. de Wendrich. 

TRANSPORTATION OF PERISHABLE FREIGHT IN AMERICA. By E. F. McPike. 

UNTERSUCHUNGEN UBER DIE KONSERVIERUNG VON PFERDEFLEISCH MITTELS 
KALTE UND DE3EN VERWENDUNG zU NAHRUNGSZWECKEN. 

Use or IN THE PHARMACEUTIC PRopucts INpDustry. By E. Tassilly. 

Use or ror Destroyinc Topacco Worm. By G. Poock. 

VERSICHERUNGSWESEN IN SEINEM ZUSAMMENHANGE MIT DER KALTEINDUS- 
TRIE. By Emil Regen. 

Warmtu ConpvucTION or PuLverRovus BopigEs AND A New System or WARMTH 
IsoLATION BASED THEREON. By M. V. Smoluchowski. 

Was SoLL MAN UNTER DEM OEKONOMISCHEN WIRKUNGSGRAD EINER KALTE- 
MASCHINE VERSTEHEN. By A By A.Satkewitsch. Berlin, 1910. 

WELcHE ANSPRUCHE AN EINEN GUTEN ZU STELLEN. 


ZWECKMASSIGE KitHLANLAGEN AN MODERN EINGERICHTETEN SCHLACHTHOFEN. 
By Mr. Dohmann. 


TRADE CATALOGUES 


Bristou Co., Waterbury,Conn. Bull. No. 126, Class II recording thermometers, 
314; Bull. No. 128, Round form, class II, 8-inch, recording thermometers, 
3 pp.; Bull. No. 129, Thermometer, Thermostats, classes I, II and III, 
7 pp.; Bull. No. 135, Recording shunt ammeters for all ranges of direct 
current, 7 pp.; Bull. No. 141, Round form recording pressure gages, 11 pp.; 
Bull. 145, class II indicating thermometers, 1 pp.; Bull. No. 146, Long- 
distance recording tachometers, 1 p.; Bull. No. 147, Bristol-Durand radii 
averaging instrument, 3 pp. 

Burr & Burr Mre. Co., Boston, Mass. High grade engineering, surveying, 
and mining instruments, 117 pp. 

BuitpErRs Iron Founpry, Providence, R. I. Venturi hot water meter for 
boiler feed, etc., 16 pp. 
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CALDWELL Economy \Uv., New York. Westover multiple record CO, recorder, 
4 pp. 

CHAMPION Rivet Co., Cleveland, O. Boiler, ship, and structural rivets, 83 pp. 

C. & G. Cooper Co., Mount Vernon, O. Seventy-five years of engine build- 
ing; a history of the Cooper works and their products, 50 pp. 

Hess-Bricut Mre. Co., Phila., Pa. Ball bearings and their correct use, 5 pp. 

INDUSTRIAL INSTRUMENT Co., Foxboro, Mass. Foxboro Recorder vol. 4, 
No. 2, 14 pp. 

Jouns-MANVILLECO., Cleveland,O. J.-M. Packing Expert, October 1910, 
4 pp.; J.-M. Roofing Salesman, November 1910, 8 pp. 
J. Geo. Lerner Enere., Works Co., Littleton, Colo. Bull. No. 1024, 
Leyner stoppers, dry pattern for solid steel, 10 pp. 

NATIONAL Exectric Lamp Assoc., Cleveland,O. Bull. No. 13, Mazda multiple 
lamps, 19 pp.; Bull. No. 14, Hylo-economical, turn-down electric lamps, 
11 pp. 

NortH WESTERN ExpanpeD Merau Co., Chicago, Ill. Designing data II 
for reinforced concrete, 46 pp. 

OsGoop Scae Co., Birmingham, N. Y. Standard scales of all styles, 94 pp. 

STANDARD UNDERGROUND CaBLE Co., Pittsburg, Pa. Handbook of price lists, 
228 pp.; Leaflets on wires and cables, 26 pp.; Varnished cioth insulated 
wireand cable, 12 pp.; Open air cable terminals, 8 pp.; Colonial copper 
clad wire, 32 pp.; Joints and jointing material, 20 pp. 

Terry STEAM TuRBINE Co., Hartford, Conn. Bull. No. 7, Three bearing type 
gas blower set, 7 pp. 

Texas Co., Houston, Texas. What is asphalt, 8 pp.; Texaco paving filler, 
16 pp.; Texaco paving cement, 15 pp.; Texaco, the road builder, 18 pp. 

UNDERFEED Stroker Co. or America, Chicago, Ill. Publicity Magazine, 
November, 1910, 15 pp. 


UNITED ENGINEERING SOCIETY 


ENGINEERING News. Index 1905-1909. New York, 1910. 

KELLEY’s Directory OF ENGINEERS AND IRON AND METAL TRADEs. 1909. 
London, 1909. 

MopERN ACHIEVEMENT. Vol. 1-10. New York. Gift of J. A. Coles. 

Moopy’s MANUAL OF RAILROADS AND CORPORATION SECURITIES. 1910. New 
York, 1910. 

New. Century REFERENCE Lisprary. Vol. 1-8. New York, 1910. Gift of 
J. A. Coles. 

Scrence-History OF THE UNiveRSE. Vol. 1-10. New York, 1910. Gift of 
J. A. Coles. 
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EMPLOY MENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the mediun. 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for noticesin this Bulletin should be received 
before the 12th of the month. The list of men available is made up of members of the Society 
and these are on file, with the names of other good men not members of the Society, who are 
capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


057 Instructor in kinematics wanted in an eastern college, to give text 
book, lecture and drawing room course in the subject. In applying state 
technical education and practical experience, references and salary expected. 


058 Large manufacturing company in Pennsylvania, organizing a depart- 
ment of engineering sales, offers opportunities in this department to three or 
four bright, hustling, young engineers. Accepted applicants will be required 
to spend a few months in drawing room and shops prior to taking up work as 
traveling sales engineers. Salary to commence, $800 to $1000 a year. 


059 Member, engaged in inspection, investigations reports, etc., desires to 
communicate with one who would buy an interest in present businessto which 
another specialty might be added. 


060 Competent engineer, good draftsman and designer with experience 
in steam and power pump construction. Location Michigan. 


MEN AVAILABLE 


143 Technical graduate in mechanical engineering and manual training 
school,—Junior member, married,—four years’ experience, engaged in special 
work in large industrial plant, nature to be of benefit in almost any line. De- 
sires change of position, permanency sought. 


144 Stevens graduate, 17 years experience, design, construction and man- 
agement of manufacturing plants, patents, cost system, purchasing; specially 
interested in economics, organization and reduction of costs, from boiler room 
to finished product. Desires position in executive capacity, with a new busi- 
ness or one needing reorganizing, prefer New York City. If satisfactory 
would invest in the undertaking. 
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145 Mechanical engineer, graduate Stevens Institute of Technology ; execu- 
tive ability, experience in industrial engineering and factory management, 
design, construction and supervision of complete power plant equipment; 
successful commercial engineer; at present holding a managerial position, 
wishes to represent or become associated with a firm in New York preferred 
where initiative and business ability coupled with technical education will 
lead to executive responsibility. Best of references. 


146 Member desires position as general superintendent, representative, 
or consulting engineer in Boston or other New England manufacturing con- 
cern, devoting all or part of time. 


147 Associate Member, American, married, successful experience as 
machinist, tool and model maker, foreman and works manager, broad, practi- 
cal experience as manufacturer of instruments of precision, toolsand jigs for 
the rapid out-put of parts in manufacturing; over six years varied experience, 
building, starting new factories and selling in the Orient; open for a position 
in an executive capacity or superintendent. Location no object. Would 
travel. 


148 Young engineer, Junior member, Stevens graduate, married, experience 
in operation end of manufacturing concerns, erection, maintenance and repairs 
of steel mills, decorticating, saw mill, textile, coal handling, and power plant 
machinery. Desires position in executive capacity with concern manufactur- 
ing machinery in these or associated lines. Location East or Middle West, 


149 Sales engineer, would consider position where knowledge of machinery 
and mill supply trade of the United States and Canadais essential ; seven years 
varied engineering experience; six years in selling end. Experience in corre- 
spondence and design of selling contracts. 


150 Veteran engineer and sales office manager for over twenty years de- 
sires position where acquaintanceship and standing among fellow members 
and thorough understanding of steam specialty business will be of value in 
improving or putting product on market. Practical mechanic. 


151 Superintendent and works manager, thoroughly capable in every de- 
partment, desires change. Technical and practical education, long experience 
in handling men, shop accounting, special engineering, foundry and shop 
management. At present in charge of large plant manufacturing transmission 
machinery and large jobbing line. 


152 New York member, twenty-five years practical experience in steam 
engineering, designing, contracting for installing and operating steam power 
and heating plants. Technical education. Desires position as engineer in 
charge or would associate with capitalist or company to contract for above 
work, 
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153 Graduate civil engineer with general railroad field work, construction 
and maintenance of way; three years in engineering department of large 
electrical company, two in full charge of structural department; held positions 
as chief draftsman in charge of all classes of work, handling complete designs 


of power stations, etc., structural engineer, consulting engineer or superinten- 
dent of construction. 
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CHANGES IN MEMBERSHIP 
CHANGES OF ADDRESS 
ABRAHAMS, M. Landa (Junior, 1910), 2106 Arch St., Philadelphia, Pa. 


ALLEN, John Robins (1984; 1903), Prof. Mech. Engrg., 221 New Engrg. Bldg., 
Ann Arbor, Mich. 


ANDERSON, Emanuel (Associate, 1907), 5301 Kenmore Ave., Chicago, III. 


ARMSTEAD, Frank C. (1906), Engr. Stoker Dept., Westinghouse Mch. 
Co., 165 Broadway, New York, and for mail, 1085 E. 17th St., Brooklyn, 
N. Y. 

BANFIELD, Frederic E., Jr. (Junior, 1909), Mech. Engr., Saco & Petee Mch. 
Co., and for mail 17 Woodward St., Newton Highlands, Mass. 

BASINGER, James G. (1907), Civ. Engr., 52 Broadway, New York, and 181 
Bowne Ave., Flushing, L. I., N. Y. 

BEDELL, Edgar Harrington (Junior, 1910), 216 Mt. Prospect Ave., Newark, 
N. J. 

BENCH, Alfred Rittscher (Junior, 1907), Taylor Iron & Steel Co., High 
Bridge, N. J. 

BEVIN, Sydney (Junior, 1909), 150 W. 76th St., New York, N. Y. 

BORDE, George U. (1909), Cons. Engr., 820-822 Hibernia Bldg., New Orleans 
La. 

BRAINE Bancroft G. (1896; 1905), Engr., Rail Joint Co., 185 Madison Ave., 
New York, and 67 First Pl., Brooklyn, N. Y. 

BRAUN, Carl F. (Junior, 1907), Pres., Braun, Williams & Russell, Inc., 503 
Market St., S. E., San Francisco, Cal. 

BRENNER, Wm. H. (1897), 210 Simpson St., Atlanta, Ga. 

BROWN, Edwin Hacker (Junior, 1903), Member of Firm, Hewitt & Brown, 716 
Fourth Ave., 8., and 2303 Pleasant Ave., Minneapolis, Minn. 

BROWN, Walter Ellsworth (Junior, 1910), Asst. Engr. and Supt., Penn Motor, 
Car Co., 7510 Thomas Blvd., Pittsburg, Pa. 

BRYAN, William H. (1891), Cons. Mech. and Elec. Engr., 418-419 Title Guar- 
anty Bldg., and 5718 Vernon Ave., St. Louis. Mo. 

BURGESS, A. Bradley (Junior, 1901), Engr., Standard Plunger Elev. Co., 
Worcester, Mass. 

CARLE, Nathaniel A. (1907), Cons. and Contr. Engr., 709 Central Bldg., 
Seattle, Wash. 

COLLIER, Wm. H. (1901; 1904), Mgr., So. Motor Wks., Nashville, Tenn. 

COLWELL, James V. V. (1903), Life Member; Mgr. N. E. Dept., Heine 
Safety Boiler Co., Rm. 302, 201 Devonshire St., Boston, Mass., and 1765 
Sedgwick Ave., New York, N. Y. 

COOK, John P. (Junior, 1906), 31 Garfield Pl., Albany, N. Y. 

COON, Thurlow E. (Junior, 1908), Partner, Coon-DeVisser Co., 1801 Ford 
Bldg., and 55 Leicester Court, Detroit, Mich. 
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DURANT, Aldrich (Junior, 1906), 120 E. 31st St., New York, N. Y., and 9 
Lowell St., Cambridge, Mass. 

ENGLISH, William T. (1902), Pres., Walworth-English-Flett Co., 100 Pearl 
St., Boston, and 185 W. River St., Hyde Park, Mass. 

FIEUX, Ernest D. (Junior, 1907), Pres. and Treas., L. J. Wing Mfg. Co., 90 
West St., New York, and for mail, Commonwealth Ave., Chester Hill 
Park, Mt. Vernon. N. Y. 

GAEHR, David (1902; 1909), Contr. Engr., 950-952 Rockefeller Bldg., and 
2626 E. 75th St., Cleveland, O. 

GAMPER, Herman (1900), Supt., Munic, Ltg. Dept., and for mail, 377 W. 9th 
Ave., Columbus, O. 

GORE, Warren W. (1908), Exper. Engr., Fairbanks, Morse Mfg. Co., and for 
mail, 911 Harrison Ave., Beloit, Wis. 

GREENE, Augustine E. (1909), Mill Engr., 60 Prospect St., Hartford, Conn. 

GUY, Albert Emile (1905),Mech. Engr., E. Hamilton Ave., R. F. D. 3, Trenton, 
N. J. 

HARTER, Isaac, Jr. (Associate, 1908), Babcock & Wilcox Co., Bayonne, 
N. J. 

HEALY, Frederick E. (1906), Mech. Engr. and Spec. Agt., Alberene Stone 
Co., New York, N. Y., and for mail, 1350 Monroe St., N. W., Washington, 
D..£. 

HEISLER, Charles L. (1895), 323 Glenwood Blvd., Schenectady, N.Y. 

HERBERT, Jack Stanley (1908), V. P. and Ch. Engr., Penn Motor Car Co., 
7510 Thomas Blvd., Pittsburg, Pa. 

HIGGINS, Albert W. (Associate, 1906), 106 Wenham Ave., Grand Rapids, 
Mich. 

HOFMEYER, George August (Associate, 1905), Cons. Engr., 207 W. 24th St., 
and for mail, 145 W. 16th St., New York, N.Y. 

HOLLOWAY, Thurman Welford (Junior, 1906), Internat]. Corr. Schools, Ltd., 
Scranton, Pa. 

HOWARD, Chas. Alton (Junior, 1907), Mech. Engr., Gunn, Richards & Co., 
43 Wall St., New York, N. Y. 

HURD, Charles Henry (1902), Mech. and Hyd. Engr., 113 Monument PI., 
Indianapolis, Ind. 

HURLEY, Daniel (Junior, 1904), Watertown Arsenal, Watertown, Mass., and 
42 E. Manning St., Providence, R. I. 

JAQUAYS, Homer Morton (1899; 1903), Montreal Rolling Mill Co., 3106 
Notre Dame St., Montreal, and for mail, 645 Grosvenor Ave., Westmount, 
P. Q., Canada. 

JOHNSON, Warren (Associate, 1904), Cons. Engr., 122 Carondelet St., and 
6209 Howard St., New Orleans, La. 

JURGENSEN, Jess Christian (Associate, 1905), 114 Main St., Hackensack, 
N. J. 

KENNEDY, William A. (Junior, 1908), Testing Engr., Genl. Fire Extinguisher 
Co., and for mail, 31 Forest St., Providence, R. I. 

KEYES, Frederic H. (1902), 88 Broad St., Boston, Mass. 

KING, W. Grant (1894; 1904), V. P. and Genl. Mgr., King Sewing Mch. Co., 
90 Welland St., Buffalo, N. Y. 

KUWADA, Gompei, (1900), Osaka Gas Co., Osaka, Japan. 
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LOUER, Lewis 8. (Associate, 1900), Western Mgr., Engrg. Record, 1570 Old 
Colony Bldg., Chicago, IIl. 

McCREERY, James Harold (Junior, 1910), 802 Atlantic Bldg., 49 Wall St., 
New York, N. Y., and for mail, 415 W. 7th St., Plainfield, N. J. 

McMULLIN, Frank V. (1903), United Eng. & Fdy. Co., 2313 Farmers Bank 
Bldg., Pittsburg, Pa. 

MacGILL, Charles Frederick (1896), 1489 Minnehaha Ave., St. Paul, Minn. 

MANLEY, Sumner Marshall (Junior, 1907), M. M., Proctor & Gamble Co., 
and for mail, 3616 Jefferson St., Kansas City, Mo. 

MARSHALL, Stewart McCulloch (1907; 1910), Asst. Ch. Engr., Cambria 
Steel Co., and for mail, 134 Tioga St., Johnstown, Pa. 

MARTENS, Ferdinand (1885), care Dr. H. Joachim, Hofweg 13, Hamburg, 
Germany. 

MILLETT, Kenneth Ballard (Junior, 1908), Newburgh Ice Mch. & Eng. Co., 
and for mail, P. O. Box 248, Newburgh, N. Y. 

MOULTHROP, Leslie (Associate, 1891), Receiver, Dwight Slate Mch. Co., 
and for mail, 620 Orange St., New Haven, Conn. 

HULFELD, John E. (1908), V. P. and Genl. Mgr., Kansas City So. Ry., Thayer 
Bldg., Kansas City, Mo. 

MULLER, Edward A. (1890), Seey. and Mgr., King Mch. Tool Co., Winton 
Pl., and for mail, 501 Mitchell Ave., Avondale, Cincinnati, O. 

NELSON, Eric Hugo (1909), Ch. Draftsman, Geo F. Blake Mfg. Co., Cam- 
bridge and for mail, 15 Montague St., Arlington Hgts., Mass. 

NEWCOMB, Robert Scott (Junior, 1909), Draftsman, Griscom-Spencer Co., 
Jersey City, and for mail, Palisade, N. J. 

NORDMEYER, Louis C. (Junior, 1899), Secy. and Treas., Tait-Nordmeyer 
Engrg. Co., 1012 Liggett Bldg., and 4256 Shenandoah St., St. Louis, Mo. 

PARKER, Levin S. (1908), Mech. Engr., Atlantic, Gulf & Pacific Co., 2407 
Park Row Bldg., New York, and for mail, 1814 Ave. J., Flatbush, Brooklyn, 

PETTIS, Clifton D. (1905), Amer. Brake Shoe & Fdy. Co., 1414 McCormick 
Bldg., Chicago, IIl. 

PITKIN, Arthur Frederick (Junior, 1907), Asst. Mech. Supt., Genl. Elec. 
Co., and 35 Waverly Pl., Schenectady, N. Y. 

POMEROY, Harry D. (1892; 1904), 512 Dillaye Bldg., and 110 Baker Ave., 
Syracuse, N. Y. 

PORTER, Hollis P. (1910), Ch. Engr. of Power, Cerro de Pasco Min. Co., 
La Fundicion, Peru, S. A. 

PURINTON, Arthur James (1893), Genl. Supt., St. Joseph Ry., Light, Heat 
& Power Co., St. Joseph, Mo. 

RATTLE, Paul 8. (Junior, 1908), Charge of Pump and Compressor Dept., 
Mine & Smelter Supply Co., 17th and Blake Sts., Denver, Colo. 

RAY, David H. (Associate, 1904), Ch. Engr., Bureau of Bldgs., Borough of 
Manhattan, 220 Fourth Ave., New York, N. Y. 

RICHARDS, William A. (Junior, 1903), Charge of Mch. Shops, Forge and 
Fdy., Univ. H. S., Univ. of Chicago, Chicago, III. 

SAR VANT, Wilbur Nason (Junior, 1907), Asst. Ch. Engr., Standard Turpen- 
tine Co. of Fla., 1016 Atlantic Natl. Bank Bldg., and for mail, 29 W. 
Monroé¢ St., Jacksonville, Fla. 


f 
= 
i 
é 
g 
, 
a 


2170 CHANGES OF ADDRESS 


SELLEW, Ernest B. (Associate, 1907), Pres. and Mgr., Sellew Mch. Tool Co. 
Pawtucket, R. I. 

SHERMAN, W. D. (1907), Huston Concrete Co., Zulueta 46, Havana, Cuba. 

SLAUSON, Harold W. (Junior, 1908), Assoc. Editor, Recreation, 24 W. 39th 
St., New York, and for mail, cor. 8. Broadway and Post St., Yonkers, 
N. Y. 

SMITH, Allen C. (1902), Ch. Mech. Designer, Ottis Elev. Co., Yonkers, N. Y. 

SMITH, Charles P. (Junior, 1888), Lower Pacific Mills, and for mail, 48 Olive 
Ave., Lawrence, Mass. 

SMITH, Roy B. (Junior, 1905), Inspr., Pa. Lines West, and for mail, The Nor- 
mandie, Columbus, O. 

SMITH, William E. (Junior, 1908), Babcock & Wilcox Co., and for mail, 421 
W. Lake Ave., Barberton, O. 

STUTZ, C. C. (1900), Cons. Engr., Amer. Cement Tile Mfg. Co., Rm. 1309, 
29 Broadway, New York, N. Y. 

SUTER, Geo. A. (1883; 1893), 112 Wooster St., and for mail, 190 Riverside 
Drive, New York, N. Y. 

SYMINGTON, E. Harrison (Associate, 1903), Mech. Expt., T. H. Symington 
Co., 616 Ry. Exch., Chicago, III. 

TAIT, Roderick H. (1904), Pres., Tait-Nordmeyer Engrg. Co., 1012 Liggett 
Bldg., and 1368 Granville Pl., St. Louis, Mo. 

TWINING, Wm. S. (1897), Ford, Bacon & Davis, 115 Broadway, New York, 

ULBRICHT, T. Carlile (Junior, 1908), Instr., Dept. of Power Engrg., Sibley 
College, Cornell Univ., and for mail, 426 E. Buffalo St., Ithaca, N. Y. 

VAN VALKENBURGH, Ralph D. (1901; Associate, 1905), Engrg. Salesman, 
Taylor Iron & Steel Co., High Bridge, N. J., and for mail, 1602 Jefferson 
Ave., Scranton, Pa. 

WALSH, Thomas J. (Junior, 1906), Stone & Webster Engrg. Corp., Boston, 
Mass., and for mail, 97 Howard Ave., Ansonia, Conn. 

WEISSBLATT, Murray E. (Junior, 1907), Crocker-Wheeler Co., 1315 North 
Amer. Bldg., Philadelphia, Pa. 

WHITE, James A. (Junior, 1900), Worcester Pressed Steel Co., and for mail. 
167 Lincoln St., Worcester, Mass. 

WILLIAMS, Alan Gillespie (Junior, 1909), Genl. Foreman, in charge Buffalo 
Shops, Pa. R. R., and for mail, 17 Johnson Park, Buffalo, N. Y. 

WILLISTON, Arthur L. (1896; 1899), 27 Kilsyth Rd., Brookline, Mass. 

WINSHIP, W. E. (1908), cor. 177th St. and Pinehurst Ave., New York, N. Y. 

ZOWSKI-ZWIERZCHOWSKI, 8S. J. (1910), Asst. Prof. Mech. Engrg.; Univ. 
of Mich., and for mail, 1304 Geddes Ave., Ann Arbor, Mich. 


NEW MEMBERS 


BARRON, Claude Mitchell (Junior, 1910), with R. W. Wiggin, Apartado 
97-B, Mexico City, Mex. 

CORLETTE, Glen H. (Junior, 1910), Fairbanks, Morse & Co., 566 Calle Moreno 
Buenos Aires, Argentine Republic, S. A. 

LORING, Harrison, Jr. (1910), Treas: and Mech. Engr., R. S. Brine Trans- 
portation Co., 43 India St., Boston, Mass. aed 
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SAYER, Eugene Young (1910), V. P. and Genl. Mgr., Improved Equipment, 
Co., 60 Wall St., New York, N. Y. 

SHAW, Joseph D. (1910), Cons. Engr., Partner, Fountain-Shaw Engrg. Co., 
308 Andrews Bldg., Dallas, Tex. 

VAN PATTEN, William Ensign (1910), Superintending Power and Light 
Plants, M. & E. Div., D. L. & W. R. R., Hoboken, and for mail, 48 Lunan 
Pl., Jersey City, N. J. 

WIGGIN, Ralph Mitchell (1910), Apartado 97-B, Mexico City, Mex. 

WYATT, Edgar William (1910), Cons. Engr., 632 Marlborough Rd., Brooklyn, 


DEATHS 


JOHNSON, Lewis, May 26, 1910. 

HALL, Frederick Bellows, October 27, 1910. 
ROBINSON, Stillman W., October 31, 1910. 
SHANTZ, Oliver 8., September 1910. 
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GAS POWER SECTION 
CHANGES OF ADDRESS 


COLWELL, James V. V. (1908), Mem.Am.Soc.M.E. 
GORE,, Warren W. (1909), Mem.Am.Soc.M.E. 
HOWARD, Charles A. (1908), Mem.Am.Soc.M.E. 
McMULLIN, Frank V. (1908), Mem.Am.Soc.M.E. 
ULBRICHT, T. C. (1908), Mem.Am.Soc.M.F. 
WINSHIP, W. E. (1909), Mem.Am.Soc.M.E. 


STUDENT MEMBERSHIP | 

BERGERT, H. A. (Student, 1910), care C. R. I. & P. R. R. Shop, Silvis, Il. 7 
BOHNSTENGEL, Walter (Student, 1909), 1111 Kentucky St., Lawrence, : 


Kan. 
BUTLER, N. R. (Student, 1909), 1600 Madison Ave., Baltimore, Md. We 
CARR, W. deL. (Student, 1909), 32 Vine St., West Lynn, Mass. 
CUMPSTON, E. H., Jr. (Student, 1909), 2727 P St., Washington, D. C. ie" 
ESTES, G. H. (Student, 1910), 112 Newbery St., Boston, Mass. 
GRIFFITH, F. H. (Student, 1909), 41 W. 33d St., Chicago, IIl. . 
GRAY, C. F. (Student, 1910), 333 W. Washington St., Madison, Wis. 
KELLEY, P. W. (Student, 1910), 1254 Michigan Ave., Chicago, IIl. 

KONSTAN KEWICZ, M. J. (Student, 1910), 303 N. Shamokin St., Shamokin, 

Pa. 
KRAATZ, K. L. (Student, 1910), 224 N. Brooks St., Madison, Wis. a 
McCAIN, W. R. (Student, 1910), present address unknown. 

MATTERN, J. Fred. (Student, 1910), University Club, Altoona, Pa. 

MORGAN, Henry (Student, 1910), 2533 N. Grand Ave., St. Louis, Mo. 

MUFFLY, Walter W. (Student, 1910), Hotel Morgan, South Sharon, Pa. 

NELSON, J. E. (Student, 1909), East Ryegate, Vt. 7 

OAKLEY, Walter W. (Student, 1910), 502 N. Market St., Kokomo, Ind. ‘ 

PARMELY, J. C. (Student, 1909), 128 Smith St., Kewanee, III. 

PAUL, Harry J. (Student, 1910), 930 Roscoe St., Chicago, Ill. 

PIMPER, T. F. (Student, 1910), 1302 30th St., Washinton, D. C. % 

PURDY, Donald F. (Student, 1910), 157 N. 20th St., Philadelphia, Pa. 2 

RICHEY, A. L. (Student, 1909), 915 E. State St., Ithaca, N. Y. : 

RUSSELL, Foster (Student, 1910), 39 Cumberland St., Boston, Mass. 

SCHUSTER, George (Student, 1909), 905 Fourth Ave., Rock Island, III. a. 

STEINBECK, C. E. (Student, 1909), Burlingame, Cal. 7 

WEAVER, H. E. (Student, 1910), 208 S. 10th St., Columbia, Mo. é 3 

YODER, Jacob H. (Student, 1910), Sch. for Apprentices, 1120 13th Ave., y : 
Altoona, Pa. 


NEW MEMBERS 
BRCOKLYN POLYTECHNIC INSTITUTE 
WICHUM, Victor (Student, 1910), 241 Covert St., Brooklyn, N. Y. 


COLUMBIA UNIVERSITY 


CLARK, 8. M. (Student, 1910), 427 Franklin Ave., Brooklyn, N. Y. hs 
FREDERICHS, W. (Student, 1910), 53 Lewis St., Tompkinsville, 8. 1., N. Y. , 
HENDRICKSON, M. E. (Student, 1810), 536 Dean St., Brooklyn, N. Y. 
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MURPHY, E. A. (Student, 1910), Livingston Hall, Columbia Univ., New 
York, N. Y. 

RILEY, W. L. (Student, 1910), 614 W. 113th St., New York, N. Y. 

SELLEW, W. H. (Student, 1910), 78 E. 79th St., New York, N. Y. 


CORNF UNIVERSITY 


BELLINGER, E. W. (Student, 1910), 201 Oak Ave., Ithaca, N. Y. 
BOGARDUS, A. G. (Student, 1910), 6 South Ave., Ithaca, N. Y. 
HOLDEN, R. O. (Student, 1910), 133 Linden Ave., Ithaca , N. Y. 
OVEROCKER, R. H. (Student, 1910), 109 College Ave., Ithaca, N. Y. 
TRUMP, C. C. (Student, 1910), 103 Highland Pl., Ithaca, N. Y. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


BESSE, E. E. (Student, 1910), 39 Cumberland St., Boston, Mass. 
BROWNLEE, Robt. B. (Student, 1910), 38 St. Botolph St., Boston, Mess. 
BURLEIGH, W. 8. (Student, 1910), 107 W. Central St., Natick, Mass. 
FERRY, Ralph M. (Student, 1910), 134 W. Newton St., Boston, Mass. 
MEISEL. O. C. F. (Student, 1910), 10 Upland Ave., Dorchester, Mass. 


UNIVERSITY OF ILLINOIS 


ALLEN, G. B. (Student, 1910), 706 S. 2d St., Champaign, III. 
CONNARD, A. F. (Student, 1910), 908 S. 5th St., Champaign, III. 
DUTT, M. L. (Student, 1910), 1012 W. Oregon St., Urbana, III. 
FAISON, Wm. A. (Student, 1910), 212 E. Green St., Champaign, III. 
HAGEDORN, F. A. (Student, 1910), 706 S. 2d St., Champaign, Ill. 
HASSELQUIST, E. J. (Student, 1910), 934 W. Illinois St., Urbana, III. 
HERRCKE, E. A. (Student, 1910), 706 8. 2d St., Champaign, III. 
KNAUSS, (Student, 1910), 805 W. Illinois St., Urbana, III. 
PHILLEO, G. W. (Student, 1910), 1107 Springfield Ave., Urbana, Ill. 
STUEBING, A. F. (Student, 1910), 311 E. Healy St., Champaign, Ili. 
WHITNALL, C. A. (Student, 1910), 1002 S. 6th St., Champaign, III. 


YALE UNIVERSITY 


BAKER, F. H. (Student, 1910), 133 Wall St., New Haven, Conn. 

BORKETT, D. B. (Student, 1910), Byers Hall, New Haven, Conn. 

BRADY, G. 8. (Student, 1910), 872 Yale P. O., New Haven, Conn. 

COOK, H. J. (Student, 1910), 70 Trumbull St., New Haven, Conn. 

DEMAREST, L. McG. (Student, 1910), 166 Sheff. Vanderbilt, New Haven, 
Conn. 

DRAVO, H. D. (Student, 1910), 164 Sheff. Vanderbilt, New Haven, Conn. 

DuBOSQUE, C. (Student, 1910), 166 Sheff. Vanderbilt, New Haven, Conn. 

GRAFF, W. (Student, 1910), 246 Dwight St., New Haven, Conn. 

HAYES, H. E. (Student, 1910), 148 Grove St., New Haven, Conn. 

JOHNSON, D. A. (Student, 1910), 177 Sheff. Vanderbilt, New Haven, Conn. 
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JONES, M. F. (Student), 1910, 96 Wall St., New Haven, Conn. 

KELLY, R. A. (Student, 1910), Temple St., New Haven, Conn. 
KNABLE, G. E. (Student, 1910), 124 Prospect St., New Haven, Conn. 
MANNY, W. R. (Student, 1910), 166 Sheff. Vanderbilt, New Haven, Conn. 
MEEKER, L. A. (Student, 1910), 167 Sheff. Vanderbilt, New Haven, Conn. 
MILLS, C. G. (Student, 1910), 124 Prospect St., New Haven, Conn. 
PERLEY, A. D. (Student, 1910), Byers Hall, New Haven, Conn. 
PRUDDEN, J. M. (Student, 1910), Byers Hall, New Haven, Conn. 
REEVE, A. B. (Student, 1910), Byers Hall, New Haven, Conn. 

RUGE, J. H. (Stadent, 1910), 746 Yale Sta., New Haven, Conn. 
WATZEK, J. W. (Student, 1910), Byers Hall, New Haven, Conn. 
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COMING MEETINGS 


DrcEMBER—JANUARY 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 
interest to engineers are invited to send such notices for publication. They should be in the 
editor’s hands by the 15th of the month preceding the meeting. When the titles of papers 
read at monthly meetings are furnished they will also be published. 


THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF 

SCIENCE 
December 27—January 3, Minneapolis and St. Paul, Minn. Secy., L. O. 
Howard, Smithsonian Institution, Washington, D. C. 

AMERICAN CHEMICAL SOCIETY 
December 27-30, meeting with the American Association for the Advance- 
ment of Science, Minneapolis, Minn. Secy., Charles L. Parsons, Dur- 
ham, N. H. 

THE AMERICAN INSTITUTE OF ARCHITECTS 
January 17-19, annual convention, San Francisco, Cal. Papers: The 
Development of Architecture on the Pacific Coast and the Rehabilitation 
of the City of San Francisco, The Aesthetic Problems of and what the 
Coast has Accomplished in City Planning, The Salient Points of the 
Architecture of the Northern Pacific Coast, by Chas. H. Bebb; History 
and Present Status of the California Missions, by A. B. Benton. Secy., 
Glenn Brown, The Octagon, Washington, D. C. 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
December 7-10, annual meeting, New York. Papers: Chemical Engineer- 
ing Education, F. W. Frerichs, F. W. Atkinson, M. C. Whitaker; The Fitz- 
gibbons Boiler, Jerome Alexander; Manufacture of Hydrated Lime, 
Richard K. Meade; The Evolution of Portland Cement Processes, Chas. 
F. McKenna; Manufacture of Lignite Briquettes, Henry 8S. Renaud; 
Bleaching Oils with Fullers Earth, David Wesson; Action of Fruit Juices 
on Metallic Containers, E. Gudeman; Vacuum Distilling Apparatus, 
P. B. Sadtler; Symposium on Sewerage Disposal, Geo. C. Whipple, R. Her- 
ing, Mem.Am.Soc.M.E., Geo. A. Soper, N. 8. Hill, Jr., Chas. E. A.Winslow. 
Secy., J. C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
January 13, 29 W. 39th St., New York. Secy., R. W. Pope. 

AMERICAN MATHEMATICAL SOCIETY 
December 28-29, Columbia University, New York; December 29-30, 
University of Chicago ,Chicago, Ill. Secy., F. N. Cole, 501 W. 116th St., 
New_York. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 
January 18-19, annual meeting, 220 W. 57th St., New York. Secy., C. 
W. Hunt. 

AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 
January 24-26, annual meeting, 29 W. 39th St., New York. Secy , W. M 
Mackay, Box 1818. 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
December 6-9, annual meeting, 29 W. 39th St., New York. December 23, 
joint meeting with the American Institute of Electrical Engineers, Boston, 
Mass. Secy., Calvin W. Rice. 

AMERICAN SOCIETY OF REFRIGERATING ENGINEERS 
December 5-6, annual meeting, New York. Secy., W. H. Ross, 154 Nassau 
St. 

ASSOCIATION OF AMERICAN PORTLAND CEMENT MANUFACTUR- 

ERS 
December 12-14, annual convention, New York. Secy.,Percy H.Wilson. 
Land Title Building, Philadelphia, Pa. 

AUTOMOBILE EXPOSITION 
December 31-January 7, Grand Central Palace, New York. Secy., B. 
Briscoe, 7 E. 42d St. 

BROOKLYN ENGINEERS CLUB 
December 1, 117 Remsen St., Brooklyn, N. Y. Paper: The Gyroscope, 
Elmer A. Sperry. Secy., Joseph Strachan. 

CIVIL ENGINEERS SOCIETY OF ST. PAUL 
January 9, annual meeting, Old State Capitol Bldg., St. Paul, Minn. 
Secy., D. F. Jurgensen, 116 Winter St. 

ELECTRICAL CONTRACTORS ASSOCIATION OF NEW YORK STATE 
January 10, ex-semi annual meeting, Albany, N. Y. Secy.. Geo. W. 
Russell, Jr., 25 W. 42d St.. New York. 

ENGINEERS’ CLUB OF ST. LOUIS 
December 7, annual meeting, 3817 Olive St., St. Louis, Mo. Seey., W. 
W. Homer, 5203 Maple Ave. 

ENGINEERS SOCIETY OF PENNSYLVANIA 
January 16, annual meeting ,Harrisburg, Pa. Secy., Edw. R. Dasher, 
Gilbert Bldg. 

ENGINEERS SOCIETY OF WESTERN PENNSYLVANIA 
January 17, annual meeting, Oliver Bldg., Pittsburg, Pa. Secy., E. K. 
Hiles, 803 Fulton Bldg. 

ILLINOIS SOCIETY OF ENGINEERS AND SURVEYORS 
January 25-27, annual meeting, East St. Louis, Ill. Secy., E. E. R. Trat- 
man, 1636 Monadnock Blk., Chicago, III. 

INDIANA ENGINEERING SOCIETY 
January 12-14, annual meeting, Indianapolis, Ind. Secy., Chas. Bross- 


man. 
NATIONAL ASSOCIATION OF CEMENT USERS 
December 12-20, annual convention, Concert Hall, Madison Square 
Garden, New York. President Richard L. Humphrey, Harrison Bldg., 
Philadelphia, Pa. 
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THE NATIONAL CIVIC FEDERATION 
January 12-14, annual meeting, Hotel Astor, New York. Chairman 
Executive Council, Ralph M. Easley, 1 Madison Ave. 

NATIONAL COMMERCIAL GAS ASSOCIATION 
December 5-13, annual convention, Boston, Mass. Pres., L. S. Bigelow, 
1374 Main St., Buffalo, N. Y. 

NATIONAL GAS AND GASOLINE ENGINE TRADES ASSOCIATION 
December 12-15, annual meeting, Racine, Wis. Secy., A. Stritmatter, 
Cincinnati, O. 

NEW ENGLAND RAILROAD CLUB 
December 13, New American House, Boston, Mass. Paper: The evo- 
lution of Air Brakes Made Necessary to meet modern Train Conditions, 
H. N. Lamb. Secy., Geo. H. Frazier, 10 Oliver St. 

NEW JERSEY SANITARY ASSOCIATION 
December 2-3, annual meeting, Lakewood, N. J. Papers; Two Years’ 
Experience in Dust Suppression on Roads, James Owen; Latest Phases 
of Sewage Purification, Rudolph Hering, Mem.Am.Soc.M.E.; The Possible 
Deleterious Effects of Illuminating Gas upon the Human Economy and 
the Probable Extent to which they obtain, C. E. Forstall. Secy., J. A. 
Exton, 75 Beech St., Arlington. 

SHORT LINE RAILROAD ASSOCIATION 
December 15, annual meeting. Secy., John N. Drake, 60 Wall St., 
New York. 

SOCIETY OF AUTOMOBILE ENGINEERS 
January 11-12; annual meeting, New York. Pres., Howard E. Coffin, 
1451 Broadway. 


MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
1 Blue Room Engineering Society.............W. D. Sprague...8.15 p.m. 
6, 7, 8, 9 American Society Mechanical Engineers.C. W. Rice......../ All day 
S. L. Williams. ...8.00 p.m. 
8 Illuminating Engineering Society ...........P. 8. Millar.......8.15 p.m. 
9 American Institute Electrical Engineers ....R. W. Pope....... 8.00 p.m. 
16 New York Railroad Club....................H. D. Vought.....8.15 p.m. 
20 New York Telephone Society................T. H. Lawrence. ..8.15 p.m. 
28 Municipal Engineers of New York... ....... C. D. Pollock..... 8.15 p.m. 
January 
7.30 p.m. 
5 Blue Room Engineering Society ............ W. D. Sprague... .8.15 p.m. 
10 American Society Mechanical Engineers.....C. W. Rice........8.15 p.m. 
12 Illuminating Engineering Society............ P. S. Millar.......8.15 p.m. 
13 American Institute Electrical Engineers.....R. W. Pope....... 8.15 p.m. 
17 New York Telephone Society................T. H. Lawrence...8.15 p.m. 
20 New York Railroad Club....................H. D. Vought..... 8.15 p.m. 
24, 25, 26 American Society of Heating and Ventil- 


25 Municipal Engineers of New York...........C. D. Pollock..... 8.15 p.m. 


of 


CURRENT BOOKS 


Tue History or THE TeLePHONE. By Herbert N. Casson. Chicago, A. C. 
McClurg Co., 1910. Cloth, 8vo, 316 pp., fully illustrated. Price, $1.50. 


Contents: The Birth of the Telephone; The Building of the Business; The Holding of the Business; 
The Development of the Art; The Expansion of the Business; Notable Users of the Telephone; The 
Telephone and National Efficiency; The Telephone in Foreign Countries; The Future of the Tele- 
phone; Index. 


COMPOSITION AND Heat TREATMENT OF Steet. By E. F. Lake. New York, 
McGraw-Hill Book Co., 1910. Cloth, 12 vo, illustrated. Price $2.50. 


Contents: The Making of Pig Iron; Bessemer Process of Converting Iron into Steel; Open-Hearth 
Process for Making Steel: Crucible Process of Steel Making; Electric Furnaces for Steel Making; 
Ingredients of and Materials used in Steel; Working Stec'! into Shape; Furnaces and Fuels used for 
Heat-Treatment; Annealing Steel; Hardening Steel; Tempering Steel; Carbonizing. 


A Trext-Booxk or ELEMENTARY Founpry Practice. For the Use of Students 
in Colleges and Secondary Schools. By William Allyn Richards. New 
York, The Macmillan Company, 1910. Cloth, 8vo. 121 pp. Price, $1.25 
net. 


Contents: Introduction; Definition; Materials; Tools; Principles of Molding; Molding Exercises 
without Core; Matches; Molding Exercises with Green-Sand Cores; Dry Cores; Molding Exerc.ses 
with Dry Cores; Miscellaneous Exercises; Open Molding, Sweep and Strike Work; Dry-Sand Mold- 
ing; Cupola Practice or Melting; Cleaning Castings; Chilled and Malleable Castings; Brass 
Molding; Glossary; Appendix; Index. 
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OFFICERS AND COUNCIL 


PRESIDENT 
VICE-PRESIDENTS 
Terms expire at Annual Meeting of 1910 
Terms expire at Annual Meeting of 1911 
PAST-PRESIDENTS 
Members of the Couneil for 1910 
Pa. 
MANAGERS 
: Terms expire at Annual Meeting of 1910 
Terms expire at Annual Meeting of 1911 
Terms expire at Annual Meeting of 1912 
TREASURER 


CHAIRMAN OF THE FINANCE COMMITTEE 


HONORARY SECRETARY 
SECRETARY 
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EXECUTIVE COMMITTEE OF THE COUNCIL 


Autex. C. Humpureys, Chairman F. R. Hurron 
Cuas. Wuirine Baker, Vice-Chairman H. L. Gantt 
F. M. Wuyte 


STANDING COMMITTEES 


FINANCE 
Artuour M. Waitt (5), Chairman Rosert M. Drxon (3), Vice-Chairman 
Epwarp F. Scunuck (1) Geo. J. Roperts (2) 
Waxtpo H. MarsHaAtt (4) 


HOUSE 


Carter DiIcKERMAN (1), Chairman FraNciIs Bossom (3) 
BERNARD V. SwENSON (2) Epwarp VAN WINKLE (4) 
H. R. (5) 


LIBRARY 
Joun W. Lies, Jr. (3), Chairman LeonaRD Waupo (2) 
AMBROSE SwaAseEy (1) Cras. L. CLARKE (4) 
AuFRED (5) 


MEETINGS 
Wiuus E. Hatt (5), Chairman L. R. Pomeroy (2) 
Wm. H. Bryan (1) Cuas. E. Lucke (3) 
H. pe B. Parsons (4) 
MEMBERSHIP 
CHARLES R. RicHarps (1), Chairman Geonrce J. Foran (3) 
Francis H. STILLMAN (2) Horesa Wesster (4) 


THEO. STEBBINS (5) 


PUBLICATION 


D. Jacosus (1), Chairman Frep R. Low (3) 
H. F. J. Porter (2) Gro. I. Rockwoop (4) 
Gro. M. Basrorp (5) 


PUBLIC RELATIONS 


James M. Dopar, Chairman D. C. JacKson 
Rosert W. Hunt J. W. Lies, Jr. 
Frep J. MILLER 


RESEARCH 


W. F. M. Goss (4), Chairman R. H. Rice (2) 
R. C. CARPENTER (1) D. Merson (3) 
Jas. CHRISTIE (5) 


Nore—Numbers itn parentheses indicate number of years the member has yet to serve. 
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SPECIAL COMMITTEES 


1910 
On a Standard Tonnage Basis for Refrigeration 
D. 8. Jacosus G. T. VooRHEES 
A. P. TRAUTWEIN De C. 
E. F. 


On Society History 
Joun E. Sweet H. H. 


Cuas. WALLACE Hunt 


On Constitution and By-Laws 


Cuas. WALLACE Hunt, Chairman F. R. Hurron 
G. M. Basrorp D. 8. Jacosus 
Jesse M. SmitH 
On Conservation of Natural Resources 
Geo. F. Swain, Chairman L. D. BuRLINGAME 
CHARLES WHITING BAKER M. L. HotMan 
Catvin W. RIcE 
On Identification of Power House Piping 
H. G. Srort, Chairman I. E. Mou.rrop 
W. H. Bryan H. P. Norton 
J. T. WuHITTLESEY 
On International Standards for Pipe Threads 
E. M. Herr, Chairman Gro. M. Bonp 
J. BALDWIN STANLEY G. FLAGa, JR. 
On Standards for Involute Gears 
WILFRED Lewis, Chairman E. R. FELLows 
Huao BILGRAM C. R. GABRIEL 
GAETANO LANZA 
On Power Tests 
D. 8S. Jacospus, Chairman L. P. BRECKENRIDGE Epwarp F. MILLER 
Epwarp T. ADAMS WILLIAM KENT ArtTHUR WEST 
GerorceE H. Barrus CHARLES E. LuckE ALBERT C. Woop 
On Standardization of Flanges 
A. M. Mattricr J. P. Sparrow 
Wm. ScHWANHAUSSER H. G.Srorr 


On Student Branches 
F. R. Hurron, Honorary SECRETARY 
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MEETINGS OF THE SOCIETY 


THE MEETINGS COMMITTEE 


Wiuuts E. Haut (5), Chairman L. R. Pomeroy (2) 
Wo. H. Bryan (1) Cuas. E. Lucke (3) 
H. peB. Parsons (4) 

Meetings of the Society in Boston 
Ira N. Houuts, Chairman I. E. Mouurrop, Secretary 
Epwarp F. MILLER J. H. Lipsey 
Meetings of the Society in New York 
WaLTeR RAUTENSTRAUCH, Chairman F. H. CoLv1n 
Frepx. A. WALDRON, Treasurer Epwarp VAN WINKLE 
Roypon V. WRIGHT 
Meetings of the Society in St. Louis 
Wo. H. Bryan, Chairman Ernest L. Ounxe, Secretary 
R. H. Tart, Vice-Chairman Frep E. Bauscu 
M. L. Ho_Man 
Meetings of the Society in San Francisco 
A. M. Hunt, Chairman T. W. Ransom, Secretary 
W. F. Duranp E. C. Joner 
THomas Morrin 
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SOCIETY REPRESENTATIVES 
1910 


On John Fritz Medal 
AMBROSE SwasEy (1) Cuas. WALLACE Hunt (3) 
F. R. Hutton (2) Henry R. Towne (4) 


On Board of Trustees United Engineering Societies Building 


F. R. Hutton (1) Frep J. MILLER (2) 
JessE M. (3) 


On Library Conference Committee 
J. W. Lies, Jr., CHAIRMAN OF THE LIBRARY CoMMITTEE, Am.Soc.M.E. 


On National Fire Protection Association 
Joun R. FREEMAN Ira H. 


On Joint Committee on Engineering Education 
ALEx. C. HUMPHREYS F. W. Tayior 


On Advisory Board National Conservation Commission 


Gero. F. Swain JOHN R. FREEMAN 
Cuas. T. Main 


On Council of American Association for the Advancement of Science 
Avex. C. HUMPHREYS Frep J. MILLER 


Note—Numbers in parentheses indicate number of years the member has yet to serve. 
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OFFICERS OF THE GAS POWER SECTION 


| 1910 
CHAIRMAN SECRETARY 
J. R. Geo. A. OrroK 
GAS POWER EXECUTIVE COMMITTEE 
F. H. StruuMan (1), Chairman F. R. Hurron (3) 
G. I. Rockwoop (2) H. H. Super (4) 
F. R. Low (5) 
GAS POWER MEMBERSHIP COMMITTEE 
H. R. Chairman A. F. 
H. V. O. Cogs G. M.S. Tarr 
A. E. -on Greorce W. Wuyte 
F. S. Kine S. S. Wrer 
GAS POWER MEETINGS COMMITTEE 
Wa. T. Macruper, Cha.. van NIsBEeT LATTA 
W. H. BLauveLt H. B. MacFarLanp 
EK. D. Dreyrus C. W. 
A. H. GoLpINGHAM C. T. 
GAS POWER LITERATURE COMMITTEE ‘ 
C. H. Bensamin, Chairman L. Marks 
G.D. CoNnLEE T. M. 
R. 8. pe Mirxkiewicz G. J. RatHBun 
L. V. GoEBBELS R. B. BLoEMEKE 
L. N. Lupy A. L. Rice 
A. J. Woop 
GAS POWER INSTALLATIONS COMMITTEE 
L. B. Lent, Chairman A. BEMENT 
C. B. Rearicx 
GAS POWER PLANT OPERATIONS COMMITTEE Re 
I. E. Mouurrop, Chairman C. N. Durry 
J.D. ANDREW H. J. K. Freyn mi 
C. J. Davipson W. S. Twintna Es 
GAS POWER STANDARDIZATION COMMITTEE : 
C. E. Chairman E. T. Apams 
\ ArTHUR WEST James D. ANDREW as 
J. R. Bresins H. F. Sirs 
Notze—Numbers in parentheses indicate number of years the member has yet to serve. ns Me ; 
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BRANCH 
INSTITUTION AUTHORIZED 
| BYCOUNCIL 


1908 


HONORARY 
CHAIRMAN 


Stevens Inst. of Tech. December 4 Alex. C. Humphreys 


Hoboken, N. J. | 

Cornell University, December 4 R. C. Carpenter 
Ithaca, N. Y. 

1909 

Armour Inst. of Tech., March 9 G. F. Gebhardt 
Chicago, 

Leland Stanford Jr. March9 W. F. Durand 
University, Palo 
Alto, Cal. 

Polytechnic Institute, March 9 W. D. Ennis 
Brooklyn, N. Y. 

State Agri. College, March 9 Thos. M. Gardner 
Corvallis, Ore. 

Purdue University, March 9 L. V. Ludy 
Lafayette, Ind. 

University of Kansas, March9 P. F. Walker 
Lawrence, Kan. 


New York Univ., November9 C. E. Houghton 
New York 

Univ. of Illinois, November9 W. F. M. Goss 
Urbana, 


Penna. State College, November9 J. P. Jackson 
State College, Pa. 

Columbia University, November? Chas. E. Lucke 
New York. 

Mass. Inst. of Tech., November9 Gaetano Lanza 
Boston, Mass. 

Univ. of Cincinnati, November9 J. T. Faig 
Cincinnati, O. 

Univ. of Wisconsin, November9 C. C. Thomas 
Madison, Wis. 

Univ. of Missouri, December 7 H. Wade Hibbard 
Columbia, Mo. 

Univ. of Nebraska, December 7 C. R. Richards 
Lincoln, Neb. 

1910 

Univ. of Maine, February 8 Arthur C. Jewett 
Orono, Me. 

Univ. of Arkansas, April 12 B. N. Wilson 
Fayetteville, Ark. 

Yale University, October 11 

New Haven, Conn. 


OFFICERS OF STUDENT BRANCHES 


PRESID ENT 


CORRESPONDING 
SECRETARY 


W. G. H. Brehmer J. G. Bainbridge 


C.C. Allen 


F. E. Wernick 


J.B. Bubb 


A. L. Palmer 
C. L. Knopf 

H. A. Houston 
C. E. Johnson 
Harry Anderson 
B. L. Keown 

W. E. Heibel 

F. R. Davis 
Morrill Mackenzie 
H. B. Cook 

A. MacArthur 
H. W. Price 


W. J. Wholenberg 


H. N Danforth 


C. B. Boles 


D. S. Wegg, Jr. 


W. E. Thomas 


H. H. Blee 


R. C. Ennis 

8. H. Graf 

J. W. Barr 

C. A. Swiggett 
Andrew Hamilton 
C.S. Huntington 
G. M. Forker 
H.B. Jenkins 
Foster Russell 
C. J. Malone 

A. Wegner 
Osmer Edgar 


W. H. Burleigh 


A. H. Blaisdell 
W. Q. Williams 


W. Roy Manny 
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No. 8 Turret Screw MAcHINE 
‘Turret Lathes, many sizes—many styles. For a given class of work : . 
there is a machine especially adapted. a 


The catalogue gives full information. It will be sent on request. 


THE WARNER & SWASEY COMPANY 
CLEVELAND, OHIO 


| BRANCH OFFICES: NEFW YORK CHICAGO DETROIT 


THEP.& W.HIGH POWER 
TWISTED DRILL 


THE MOST POWERFUL AND LONGEST 4 
LIVED DRILL ON THE MARKET | 


Can be driven at a higher speed and 
greater feed than any other drill. 
More durable and cheaper than a solid 
shank drill. 

Impossible to bend drill sideways or 
| twist shank under amy drilling condi- 
tions. Centers perfectly and runs abso- 
lutely true. The twisted taper shank 
is one size larger than generally supplied 
on other drills of equal size. 


FITS ANY STANDARD TAPER SOCKET 
Write for Catalog “Small Tools No. 5”’ 


PRATT & WHITNEY CO., HARTFORD, CONN. 
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Extracts from the Book of the 
Hartness Flat Turret Lathe 


Copies of the book sent on request 


Springfield, Vi Jones A Lamson 


Germany, Holland, Belgium, Switzerland, Austria-Hungary, 
M. Koyemann, Charlottenstrasse 112 Dusseldorf, Germany. 
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Machine Company 2223 


France and Spain, Ph. Bonvillain and E. Ronceray, 9 and 11 


Rue des Envierges, Paris. 


Italy, Adler & Eisenschitz, Milan. 
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To Users of Taps and Dies 


CARPENTER 


REGISTERED 


RADE MA Ry 


This Trade \/ Mark Means 


an absolute guarantee of first QUALITY 


40 years on the market makes our Machine Screw Taps 
the pioneers in their class. They have no superiors, and 
are fully guaranteed 


Taps and Dies furnished to A. S. M. E. Standard at regular prices 


J. M. Carpenter Tap & Die Co., Pawtucket, R. I. 


GARVIN MILLING MACHINES 


This Machine equipped with 
our Square Lock 


ENGED 

SOLID TOP KNEE 
is the most rigid, substan- 
tial and efficient machine for 
its size and type on the 
market. 

It is also equipped with 
our Positive Feed Change 
Gear Box, our Double Geared 
Dividing Head and many 
other features found only on 
GARVIN MILLERS. 

For Further Information ask 
your dealer or write us direct 


Immediate Delivery 
MANUFACTURED BY 


THE GARVIN 
MACHINE CO. 


137 Varick Street 


New York City 
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SILENT TRANSMISSION OF POWER WITH 
NEW PROCESS NOISLESS PINIONS 


on geared motor drives is a most practical operating condition. By re- 
placing your metal pinions with New Process Noiseless Pinions you add 
the great boon of silence to the many other advantages of gear drives. 
Furthermore you greatly reduce the 
vibration due to wear and tear on 
every part of your machines. You 
increase the efficiency of workmen by 
removing the nerve-racking grind,and 
thus permit the shop to give back 
many times over the small outlay 
required. 

Try just one New Process Gear 
or Pinion. Send for Booklet 


THE New Process 
Raw Hine 


SYRACUSE NEW YORK 


High-Speed Steam-Hydraulic Forging Presses 


double your production with one-half 
your labor cost and steam consumption 


COST OF REPAIRS REDUCED 


Eliminates Heavy Shocks and 
Vibration 


SINGLE LEVER CONTROL 


SMALL SIZES- “Single Frame Type 
LARGE SIZES—Four Column Type 


BUILT FOR ALL CLASSES OF 
FORGING, SHEARING OR PRESSING 


100 Tons to 12,000 Tons Capacity 
UNITED ENGINEERING & FOUNDRY CO. 


2300 FARMERS’ BANK BUILDING PITTSBURG, PA. 


5 


AN = 

: | 

~ 

j 


**STANCO” FORGED TWISTED HIGH SPEED DRILLS 


THE STANDARD TOOL (o's 


These drills are forged from a special High Speed Steel. They are 
strong and tough, run true, fit regular sockets and save expense of special 
chucks. We recommend these drills with taper shank as being the most 
satisfactory and reliable. 


CLEVELAND, O., U.S. A., and 94 Reade St., New York 


MANNING, MAXWELL & MOORE 


INCORPORATED 


Machine Tools, Electric Cranes 
and Engineering Specialties 


85-87-89 LIBERTY STREET NEW YORK 


RUSSELL, BURDSALL & WARD 
| BOLT and NUT CO. 


PORT CHESTER, N. Y 


Manufacturers of the finest grade of 


BOLTS and NUTS 


For Automobiles, Machinery and 
Engineering Work 


Branch Works at Rock Falis Iii. 


WE BUILD A COMPLETE LINE OF NEW AND UP-TO-DATE 


BOLT AND NUT 


Including ... 
Bolt Cutters (threaders), Bolt and Rivet \ 
ers, Upsetting and Forging Machines, i) 
Hot Pressed Nut Machines, Nut Tappers, ATIONAL MACHINERY 0 
Washer Machines, Wire Nail Machines TIFFIN OHIO.USA. 
and Lag Screw Gimlet Pointers = =a 
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| F Low Clearance Means Economy 
(and it is for you to decide), then 

the Wisconsin Corliss Engine is 
the one to buy. 

It not only has less clearance than 
any other, but it has wider ports and 
much shorter steam passages. That 
means more power from the same 
size engine—with less steam. 


WISCONSIN ENGINE 
COMPANY 


: Engineers and Builders 
SIDE VIEW END VIEW CORLISS, WIS. 


The capacity of your power plant 
can be increased without using any more fuel, 
by installing Allis-Chalmers Low Pressure 
Steam Turbines operating on exhaust steam. 


ALLIS-CHALMERS COMPANY 


General Offices, Milwaukee, Wisconsin 


The Improved 


Murphy Automatic StoKer 


will handle all grades of Bituminous Fuels with high efficiency. 
Is adaptable to any type of boiler and units of any size. 


TRANSVERSE SECTION 


Coal 
Magazine 
r 


- Furnace Arch Hot 


Put 

Ne Le 

. < Stationary Grate — 
\—Movable Grate — 


Pit ker Sifting Pit 
— Exhaust i am 4 -- 
Jets 


Grate Bearer} 


Built by MURPHY IRON WORKS, Detroit, Mich. 


FOUNDED 1878 INCORPORATED 1904 


Clinker Crusher 
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Nelson Steel Gate Valves 
For Superheated Steam 


MAKE them strong! ' Made as carefully as 
Spare no care!! = the finest piece of 
Must be right—and machinery in your 
tight!!! Test them plant. ‘Time tested 
hard!!! These are Nelson discs are 
the watchwords that the simple—and 
govern their construc- effective —mechan- 
tion. Safety com- ism that keeps 
mands it. Best valve tight, ad- 
of cast irons or justing them- 
ordinary steels selves to contrac- 
are too weak— tion by cold, to 
t therefore we use expansion by 
the strongest—Aczd Open heat, or any other dis- 
Hearth Steel. Bronze torting influence. Adso- 
valve fittings disintegrate /ute, thorough, inspection 
—therefore in all work- of every detail, most rigid 
ing parts we use Monel, ‘esting of every part from 
the strong metal that can-. start to finish. Test cer- 
not weaken or corrode. tificate plate fastened to 
Thus you have a valve each valve. Especially 
more than 65000 Ibs.-per- made to meet the severe 
sq.-in.-strong at every duty that superheated 
point, re/iable, safe, for steam demands. 
temperatures upto 800°F. If interested, Write. 


Nelson Valve Company, Philadelphia 


New York Pittsburgh Butte, Montana 


Chicago 
30 Church St. 525 Third Ave. 56 E. Broadway 17 W. Kinzie St. 
Minneapolis San Francisco Montreal 
Andrus Building 22 Battery St. 


12-14 University St. 
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TO CONSULTING, OPERATING ENGINEERS AND ENGINE BUYERS 


We are now prepared to furnish Corliss engines of both simple and 
compound types, having Heavy Duty Tangye or Tubular Girder Beds, 
equipped with our new “‘Franklin’’ patent horizontal gravity latch re- 
leasing gear, enabling us to secure a rotative speed of 200 revolutions 
per minute. 

When higher speeds are required we furnish Inertia shaft governor 
in combination with our well known double ported Corliss Valves. 
Designed for either belt or direct connection. 


Write for Catalogue 


HEWES & PHILLIPS IRON WORKS newark 4. J, 


BALL CORLISS ENGINE 


With Non-Detaching Valve Gear 


It was the drop cut-off gear which made the Corliss Engine successful and econotnical for slow speeds 

The feature which distinguishes our High and Medium Speed Engines and makes them superior to 
all other four-valve engines is our patented non-detaching valve gear. 

This gear by positive action gives the valves the same movement that the drop cut-off of the slow 
speed Corliss produces by picking up and dropping them. 


_The valve gear opens and closes the valves at the proper time, and holds the valves absolutely still 
during over half a revolution. 


_ The valves are given the movement necessary for the greatest durability and tightness, and the best 
form of valve is made possible. 


This engine marks the extreme limit of excellence so far reached in economy and quiet running. 


BALL ENGINE CO., Erie, Penna. 


IMMUNE TO the evils of EXPANSION 


Its > 
f= SUPERIOR COMPARATIVE MERITS 
FOR = 


BOILER BLOW-OFF, ETC. 


meets requirements perfectly 
without repairs or complaint 
SPECIFIED AND USED BY rower 

JOHN SIMMONS CO., 110 centre st, New York, N. Y. 


BuCKEYE Gas ENGINES 


FOUR CYCLE - DOUBLE ACTING 


For Natural and Producer Gas 
75 to 10,000 B.H. P. 


Catalogues, information and estimates cheerfully furnished 


BUCKEYE ENGINE COMPANY 


SALEM, OHIO 
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Nash Gas Engines 


ARE 
Reliable, Economical, 
Simple and Safe. 


25 years leadership of Vertical 
Gas Engine Design. 


Operate on City Gas, Gaso- 
line, Distillate and Producer 
Gas. 


SIZES 3 to 425 H. P. 


Catalogue sent promptly on request 


Makers of the world famous Water Meters Crown, Empire, Nash, Gem, Premier 


NATIONAL METER COMPANY 
84 CHAMBERS STREET, NEW YORK 


Chicago Boston Pittsburg Cincinnati Los Angeles 


WARREN VERTICAL AND TANDEM GAS 
ENGINES AND SUCTION GAS PRODUCERS 


POINTS OF MERIT 


Heavy overload capacity. Close regulation, Positive lubrication. 
Positive circulation of cooling water. No joints between 
combustion chamber and water jackets. 

All valve cages removable. 


The most reliable and economical motive power obtainable 
Ask your consulting engineer to investigate 


STRUTHERS-WELLS CoO., Warren, Pa. 
New York Pittsburg 
6O Church Street 310 House Buliding 
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Robb-Mumford Boiler Co. 


Successors to 


EDWARD KENDALL & SONS 
CHARLES RIVER IRON WORKS 


of 
Return Tubular, Water Tube, internally fired and other 
types of Boilers; Smoke Stacks, Tanks, Etc. 


Works:—SOUTH FRAMINGHAM, MASS. 
Sales Office: 131 State St., Boston 
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U. S. Automatic Injectors have an Inter- 
national Reputation for Superiority 


STEAM 
They have just as firm a foot- 


= hold abroad as at home. Only 
WATER genuine merit has placed the 


we) U.S. Automatic” in this posi- 


tion. The more particular you 
are about securing reliable boiler 
soli feeding—the better it pleases 
‘ us—for the U. S. is a reli- 


able boiler feeder. 


Send for our Engineers’ ‘‘Red 
Book’’—it slips right into the 
vest pocket, small in size, but 
large in information. 


AMERICAN INJECTOR COMPANY 


DETROIT, MICH. 


RIDGWAY FOUR-VALVE ENGINES 


have established a record for maximum economy among 
reciprocating steam engines. 


If you are interested in the saving of oil, water and 
fuel, you should carefully investigate the unusual claims 
we make for these machines. 


Bulletin No. 22 H describes and illustrates the 
principal features of gearing and important details 


RIDGWAY DYNAMO AND ENGINE CO. 


RIDGWAY, PA. 
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THE BABCOCK & WILCOX COMPANY 


85 LIBERTY STREET, NEW YORK 


Water Tube Steam Boilers 


STEAM SUPERHEATERS MECHANICAL STOKERS 
Works: BARBERTON, OHIO BAYONNE, N. J. 


BRANCH OFFICES 
BOSTON, 10 Post Office 8q. 


PHILADELPHIA, North American Bldg SAN FRANCISCO, 99 First Street 
PITTSBURGH, Farmers Deposit Bank Bldg. 


NEW ORLEANS, Shubert Arcade DENVER, 435 Seventeenth Street 


SALT LAKE CITY, 313 Atlas Block CHICAGO, Marquette Bldg ATLANTA, Candler Bldg 
CLEVELAND, New England Bldg. PORTLAND, ORE., Wells-Fargo Bldg. HAVANA, CUBA, 1164 Calle de la Habana 
LOS ANGELES, American Bank Bldg. SEATTLE, Mutual Life Bldg CINCINNATI, Traction Bldg 


at are made from Standard and Extra Heavy pattern, both 
— brass and iron body, in several different styles—horizon- 
tal, angle, vertical, swing ‘All are fitted with the 
| Jenkins Disc, thus assuring a tight seat. And as the 
Jenkins Disc takes practically all the wear, the seat is 
seldom injured, and valves give long and satisfactory 

| service without requiring attention or repair. 


Catalogue mailed on request. 


J E N K | N S B R 0 § ‘ NEW YORK BOSTON PHILADELPHIA CHICAGO 


For lubricating graphite you can’t get better than 
DIXON’S FLAKE GRAPHITE 


Pure, free from grit, reliable and well-known. You're 


sure when you sell Dixon’s. We'll tell you more on 
request. 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 


POWER FOR 2c A KW. HOUR 


If you are paying more than this for lighting and power current 
you are throwing good money away,—might just as well get a K.W. 
hr. for two cents and put the difference in your pocket. Hundreds 
of plants are already running as economically as this by using 


AMERICAN BALL ANGLE COMPOUND 
DIRECT CONNECTED UNITS 


The Angle Compound Unit is built especially for isolated plant 
service. It has superior steam economy, gets twice as much power on 
the same floor space as a simple engine, needs very little attention 
(as it has no complicated valve gears and automatic lubrication), 
sets up absolutely no vibrations, and is therefore suitable for use in 
apartment houses, hospitals, hotels, etc. Write for catalog. 


p AMERICAN ENGINE COMPANY 
42 RARITAN AVE. 23 BOUND BROOK, N. J. 
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ZL JENKINS BROS. CHECK VALVES 
A ha 


FRANKLIN water-tusze BOILER 


BUILT BY 


Franklin Boiler Works Co. 


TROY, N. Y. 


General Sales Office 


39 Cortlandt Street 
NE W YORK 


HEINE “tes BOILERS 


SUPERHEATERS 
In units of from 50 to 600 H. P. 


Heine Safety Boiler Co., St. Louis, Mo. 


BRANCH OFFICES 
Boston New York Philadelphia Pittsburgh Chicago New Orleans 


THE HOOVEN-OWENS-RENTSCHLER CO. 
Builders of 


HAMILTON 
CORLISS 
ENGINES 


Standard of Merit 


Works at 


HAMILTON, OHIO 


WE SPECIALIZE 


We concentrate our entire attention on valves 
and hydrants and do not have a line of miscel- 
laneous sundries such as fittings, boiler trim- 
mings, etc., to divide our interests. Thus we 
can give valves particular attention. 


The result of this concentrated effort is shown 
in Kennedy Valves—it shows in their design, 
workmanship and finish. 


THE KENNEDY VALVE MFG. CO. 


ELMIRA, N. Y. 
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The American Society of Mechanical Engineers 


The Society has a limited number of copies of papers on Super- 
heated Steam which have been presented before it. Orders will be 


Superheated Steam 


Papers read before 


from 1890 to 1908 


filled until the supply is exhausted. 


No. 
359 Tables of the Properties of Steam, V. Dwelshauvers- 
689 Superheated Steam, Facts, Data and Principles, 
853 Pumping Engine Test with Superheated Steam, 
905 The Practical Application of Superheated Steam, 
906 Superheated Steam, Ernest H. Foster........... 5 10 
1024 Tests of a Compound Engine using Superheated 
1150 The FlowofSuperheatedSteamin Pipes, E.H.Foster 5 10 
1151 Superheat and Furnace Relations, R. P. Bolton... 5 10 
1152 Entropy Lines of Superheated Steam, A. M.Greene 5 10 
1153 The Cole Locomotive Superheater, W. F. M.Goss. 5 10 
1154 Experiences with Superheated Steam, G.H.Barrus 5. 10 
1155 The Use of Superheated Steam in an Injector,S.L 5 10 
1156 Superheated Steam on Locomotives, H.H. Vaughan 10 20 
1158 Materials for the Control of Superheated Steam, 
1178 The Specific Heat of Superheated Steam, C. C. 
1179 Designs for the Use of Highly Superheated Steam, 
1196 Thermal Properties of Superheated Steam, R. C. H. 
1211 A Method of Obtaining Ratios of the Specific Heat 
1212 The Total Heat of Saturated Steam,H.N. Davis... 15 30 


Address Catvin W. Rice, SECRETARY, 29 West 39th St., New York. 
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| Westinghouse Type “MS” 
, | Alternating-currene Mill Motors 


Oliver 


Spang 


A partial list of iron and steel manufacturers who, by 
repeated orders have recognized the unequalled elec- 
trical and mechanical features of Type “MS” Mill 
Motors follows: 


American Iron & Steel Co. 
America Steel & Wire Co. 
Cambria Steel Co. 
Carnegie Steel Co. 

Indiana Steel Co. 

Jones & Laughlin Steel Co. 


Iron & Steel Co. 


Pennsylvania Steel Co. 


Chalfant Co. 


Spanish-American Iron Co. 
Tennessee Coal, Iron & R. R. Co. 
Wheeling Steel & Iron Co. 


SEE CIRCULAR No. 1164 


Westinghouse Electric & Manufacturing Co., Pittsburg. Pa. 


Py Sales Offices in all Large Cities 


man as to Westinghouse 
sers; read what he says: 


| j 
/ j 


There is no mistaking the opinion of this 


Leblanc Conden- 


“We have had in operation contin- 

uously for 14 months, one 500 h. p. 
condenser, 24 hours per day. I wish to 
say that during that time the condenser 
has cost us $4.50 for lubrication, and not 
one penny has been spent for repair in 
any way, shape, form or fashion. There 
is nothing to get out of order, not a 
single valve to renew (which is very 
expensive in the old type of condenser). 
| have had quite a deal of experience 
with condensers and | can honestly say 
the Leblane Condenser is, by far, the 
most efficient and economical condenser 
on the market to-day. 
I base my decision on the high vacuum 
the condenser will carry throughout the 
year. We carry 29 inches all the time, 
not by gauge, but by mercury column, 
which must be correct.” 


SEND FOR CIRCULAR 501 


THE WESTINGHOUSE MACHINE COMPANY 


PITTSBURG, PA. 
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When installing a mechanical 
drive, the designing engineer some- 
times knows the kind of work to 
be done and can select pulley 
diameters to approximate the best 
cutting speeds. 

This is not so with machine re- 
pair shops, where the work and 
metal are con- 


The Right Cutting Speed 
) by a Turn of the Handle 


Controller Handle 
Always Convenient 


sets his tool and then quickly raises 
the speed until the tool has all it 
can stand. This saves time—at 
least an hour or two a day. 

No time lost hunting for shifter 
sticks and no unsuccessful attempts 
at jumping the belt up or down 
only to find the speed selected has 

burnt and taken 


stantly changing. (ieneral Electric the edge off the 


Here it is prac- 
tically impossible 
to foretell the 
economical cutting speeds. Nec- 
essarily a compromise is made, and 
a mechanical drive installed with 
speed steps that are often unsuited 
to the work being done. 

For all work requiring variable 
speed the General Electric Motor 
Drive gives the best cutting speed 
for any cut on any kind of metal 
by the mere turn of a handle 
placed where most convenient. 

The mechanic sets up his work, 


Motor 


‘ tool. No costly 
Drive rolling stock tied 

up through loss 
of time when scheduled for a run. 
Just the right speed instantly by a 
turn of the handle. 

The General Electric Company, 
through its competent corps of en- 
gineers, is enabled to recommend 
the latest, most economical appli- 
cations of electric power in rail- 
road shops. Write them for advice 
concerning any power problem 
that may be encountered. 


General Electric Company 


Largest Electrical Manufacturer in the World 


Principal Office: 
Schenectady, N. Y. 


Sales Offices in all Large Cities 
2567 
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GAS - ELECTRIC UNITS 


built by AlliseChalmers Company offer the 
most satisfactory answer to the modern demand 
for the development of power with low costs 
for fuel and maintenance. 


ALLIS-CHALMERS COMPANY 


Offices in all principal cities 


YEAR BOOKS 


The Society wishes to havea file of year books or catalogues complete 
since its formation. Will members who have any of the following 
numbers either send them tothe Society or correspond with the Secretary 


No. 2, 1881 No. 6, 1885 No. 13, 1892, July 
No 3, 1882 No. 7, 1886 No. 14, 1893, January 
No. 5, 1884 No. 12, 1891, July No. 14, 1893, July 


The American Society of Mechanical Engineers 
29 West 39th Street, New York 


ADJUSTABLE 
SPEED MOTOR 


This wheel controls 

the speed changes 
No electrical 
controller needed 


‘THis is the only motor which by simple means gives the power, overload capacity and really 
accurate speed adjustment over wide ranges necessary to meet the changing conditions which 
are constantly arising in machine tool work. It gives a constant horsepower output at all 

speeds, stands heavy overloads, holds a set speed steadily under changing loads and shows a high 

efficiency. Incontrast to the limited number of speeds and sm ill ranges obtained with an electrical 
controller our method gives an unlimited number of running speeds throughout wide ranges. 

The starting and stopping of the motor is entirely separate from the speed control so that it Is 
possible to use a rugged automatic starter which makes the entire equipment “fool-proof.”’ 

We are prepared to furnish all types of motors for the complete equipment of machine shops 

We will also design and manufacture all brackets, gears, etc., for converting your belt driven tools 

to motor drive. Ask us to send a copy of our Folder No. 10-8 which contains interesting informa- 

tion for the machine tool user. 


RELIANCE ELECTRIC & ENGINEERING CO. 


710 Caxton Building, Cleveland, Ohio 
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Shop Management 


Papers read before 


The American Society of Mechanical Engineers 
from 1890 to 1909 
The Society has a limited number of copies of papers on Shop 


Management which have been presented before it. Orders will be 
filled until the supply is exhausted. 


Vol. No. "List 
23—928 Bonus System of Rewarding Labor, H. L. Gantt... .20 
24—998 Drawing Office Equipment, John McGeorge...... .20 

5—143 Drawing Office System, H. R. Towne............. 10 


24—965 Gift Proposition for Paying Workmen, F. Richards. 20 
24-1002 Graphical Daily Balance in Manufacture, H. L. 


25-1012 Is Anything the Matter with Piece Work? F. 
24-1001 Machine Shop Problem, C. Day................ .20 
18—711 Method of Determining Selling Price, H. M. Lane..  .20 
18—739 Method of Shop Accounting, H. M. Lane.......... 10 
25-1011 Modifying System of Management, H. L. Gantt... 10 
16—647 Piece Rate System, F. W. Taylor................ .30 
12—449 Premium Plan of Paying for Labor, F. A. Halsey.... 20 
8—-256 Problem in Profit Sharing, Wm. Kent............ 30 
24-1003 Shop Management, F. W. Tavlor................. 90 
25-1010 Slide Rules for the Machine Shop, C. G. Barth..... .20 
30-1221 Training Workmen, H. L. Gantt................. 10 
$3.70 


$3.50 for the set. 


Members’ rates are half the list price. 


Address Cavin W. Rice, Secretary, 29 West 39th St., New York 
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Dirt, Dust and 
Accident Proof 


T= gear system in a Triplex Block isn't 
afraid of hard service. Like all good 
machines, its only enemy is dirt. But the pressed 
A Triplex Block steel gear cover that we put on it not only pro- 
with dirt-proot cover. tects it from dirt and dust, but when a careless 
workman lets it drop, it just gets dented a little—it won't break. 
That's one of the reasons why it lasts a lifetime. You may 


have one by just asking us or your nearest dealer. 
4 Styles: Differential, Duplex, Triplex, Electric. 


Chain 


Blocks 42 Sizes: An eighth of a ton to forty tons. 


300 active stocks ready for instant call all over the United States. 
The book of Hoists tells much—for a post card 


The Yale & Towne Mfg. Co. 


Makers of Yale Products 9 Murray Street, 


Locks, Padlocks, Builders’ Hardware, 
Door Checks and Chain Hoists New York 


Local Offices: Chicago Boston Washington San Francisco 


OTIS ELEVATORS 


ALL TYPES 


FOR EVERY KIND OF SERVICE 


Otis Elevator Company 


OFFICES 
IN ALL PRINCIPAL CITIES OF THE WORLD 
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Conveyor Belt User 


Have you had trouble with the Edge of Your Belt ? 
Does it come loose, peel, break off, or wear away ? 


Then let your next belt be a 
Goodrich 
Conveyor 
Belt 


This is the best edge ever put on a conveyor belt. Notice how the 
top cover is carried around into the back cover without leaving a thin 
corner to break loose. No square corners to catch. No molded edge 
to peel off. The edge is formed by a special process of our own and 
is vulcanized before the rest of the belt so that the adhesion of the 
corner around the edge is as perfect as elsewhere. This edge cover 
stays on until worn off and thus protects the fabric from the entrance 
of moisture which quickly deteriorates the whole belt and causes the 
thick top cover to peel off. We make a good belt with a real edge. 


The B. F. Goodrich Company 


Akron, Ohio 


Edge Construction—Goodrich Conveyor Belt 


Jeffrey Conveyers 


insure Economy and Satisfaction 


in handling materials of all kinds 


Drop a card for our conveying We build absolutely 
catalog 
dependable conveying 
systems and guote the 
lowest prices consistent 
with the best materials 
and workmanship. 


The Jeffrey Mig. Company 


Columbus Ohio 
Chicago Montreat Boston 
St. Louis Pittsburg New York 


Denvei Charleston, W. Va. Birmingham 


22 


CONVEYING 


} for the mechanical 
handling of all 
materials. 
° 
Greatest Reliability. 
Maximum Efficiency. 
We will send to engineers upon 
request our 672 p. catalog 
which contains valuable data 
on the subject of conveying 
machinery 
STEPHENS-ADAMSON MFG. 
CO. 
164 
icago, Ill. 
50 Church St., AURORA, ILLINOIS 
New York, N. Y. 2 
DIAMOND CHAIN MAKES SPLENDID FEED DRIVES 
The two Diamond 5 
Chain Drives indi- 
No 105 DIAMOND CHAIN = 
FEED TO CUT-OFF AND ; , 
| POWER FEED TO TURRET panying cut of a4} 
in. by30in. Bardons 
| & Oliver Turret 
| Lathe are typical 
| of many installa- 
Pas tions now driving 
f SPROCKET parts of well-known 
a American machine 
FEED a Ban — SPROCKET IS ON CENTER LINE OF MACHINE AND | tools. 
IS OPERATED BY SMALL TURNSTILE 
| The conditions are 
especially favora- 
ble for Diamond Chains on automatic machines where accurate timing of 
operations to prevent interference with each other and where an absolutely ; 
reliable and positive drive are essential to good quality of product. The 4 
' substitution of chain and sprockets for belted or friction drives in such j 
: instances not only increases the safety of the machine but increases the out- 1G 4 
put sufficiently to pay for the change in a short time. By. ae 
Tell us your transmission troubles and our engineers will tell you if chain 7 q 
offers the remedy. 


DIAMOND CHAIN & MFG. CO. 
259 W. GEORGIA ST. INDIANAPOLIS, IND. 


Capacity 8,000,000 feet per hour 


MACHINERY 
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The plain truth 
about wire rope 


The are jusc two ways in the wide world to cheapen wire rope; 


m 1) Rush the rope through—kinks, twists, imperfections and 
all—or 


(2) Substitute cheap material. 


The buyer who insists on low prices forces the maker to one or 
both of these evils. 

That is all there is to the cheapening problem—absolutely a-l-l. 

Therefore the buyer of cheap ropes buys a liability to much 
trouble—much expense. 

On the other hand, “YELLOW STRAND” ROPE stands first, 
last, always, for HONESTY, SAFETY, DURIBILITY. 

And in the end it is vastly the CHEAPEST in the true sense ox 
REAL ECONOMY. 


If you don’t want cheap rope, stipulate “YELLOW STRAND.” 
And demand that “YELLOW STRAND” appear on the invoice. 


Ask for Catalogue No. 2. 


BRODERICK & BASCOM ROPE CO. 
ST. LOUIS, MO. 
Works: BRANCHES: 
St. Lious, Mo. 


76 Warren St., New York 
Seattle, Wash. Seattle, Wash. San Francisco 


THE 
STANDARD 
WIRE 
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MANUFACTURING COMPANY 


THE McCASLIN CONVEYOR 


strength and durability char- 

acterize McCaslin Noiseless Overlapping 
Gravity Bucket Conveyors. Satisfactory oper- 
ation under the most trying conditions of ser- 
vice is assured. The McCaslin Conveyors are 
in operation in the most modern Power Plants 
and Cement Mills in the world. Correspond- 
ence invited. 


Works and General Offices, Cambridge, Massachusetts 


‘ New York - 149 Broadwa. Pittsburg, 712-713 Machesney Bldg. 

Chicago - Monadnock Bloc San Francisco - Metropolis Bldg. 

Baltimore, 821 Equitable Building New Orleans, 110 North Peters St. 
Montreal - 286 St. James St. 
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ALLIANCE CRANES All Types 


Mill and 
Hydraulic 
Machinery, 
Steam Ham- 
: mers, Punches and Shears, Scale Cars, Copper 
Converting Machinery, etc. 


THE ALLIANCE MACHINE CO. ALLIANCE, OHIO 


Pittsburg Office, Frick Building. Birmingham Office, Woodward Building 


COMPLETE EQUIPMENT 
AND CRANES OF ALL KINDS FOR 


GREY IRON, STEEL AND MALLEABLE 


FOUNDRY PLANTS 


Buildings designed and furnished. Equip- 
ment installed and operated. Plant. 
| delivered to purchasers ready to run. 


WHITING FOUNDRY EQUIPMENT Co. 


| Manufacturers, Engineers, Designers 
ELECTRIC TRAVELER : 
Gerdes HARVEY, ILL. (Chicago suburb) 


If you need ELECTRIC AND HAND TRAVELING CRANES 


Learn about 


Made to suit the most exacting engineering requirements and the most severe 
duty. All types, capacities and sizes. Safety to employes given especial con- 
sideration in all our designs. 


NORTHERN ENGINEERING WORKS, 


NEW YORK OFFICE, 120 LIBERTY STREET - CHICAGO, 539 MONADNOCK 


DO YOU KNOW 


that there have been many instances in the Mechanical 
and Electrical field where machines or devices were 
found impossible of practical or commercial construction 
because of bearing troubles and in many instances these 
difficulties have been entirely overcome by the use of 
ball or roller bearings- Can we assist you? 


STANDARD ROLLER BEARING COMPANY 
PHILADELPHIA, PA. 
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CINCINNATI, O. 


ELEVATORS 


CLYDE 
High Grade Hoisting Engines 


have steel gears and ratchets. 


They have extra heavy shafting and long bearings. 

Frictions are positive. Connecting rods have solid 

ends. Boilers have large heating capacity and 

securely anchored. Ask for Catalogue. 

CLYDE IRON WORKS 
DULUTH, MINN. 


SAVANNAH, GA. CHICAGO, ILL. NEW ORLEANS, LA. 


mo 


SAFE and QUICK 


Handling of loads is greatly facilitated 
when the SPRAGUE ELECTRIC HOIST 
is used for lifting and conveying. 

PROFITS ACCRUE WHEN THE 
UNCERTAIN, SLOW, AND COM- 


PARATIVELY EXPENSIVE MAN- 
UAL OPERATION IS ELIMINATED 


Pamphlet No. 23360 illustrates and describes up-to-date 
methods 


SPRAGUE ELECTRIC COMPANY 


General Offices: 527-531 West 34th Street, NEW YORK 


BRANCH OFFICES IN PRINCIPAL CITIES 
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TRANSACTIONS 
VOL. 30 


The American Society of Mechanical Engineers 


Among many valuable papers, the following deal with five important 
branches of Mechanical Engineering. 


CONVEYORS 


Hoisting and Conveying Machi- 
nery. 


Continuous Conveying of Ma- 
terials. 


The Belt Conveyor. 


Conveying Machinery in a 
Cement Plant. 


Performance of Belt Conveyors 


PROPERTIES OF STEAM 


Thermal Properties of Super- 
heated Steam. 


A Method of Obtaining Ratios 
of Specific Heat of Vapors. 


The ‘Total Heat of Saturated 
Steam. 


MACHINE SHOP PRACTICE 


Comparison of Screw Thread 
‘standards. 


Efficiency Tests of Milling Ma- 
chines and Milling Cutters. 


Development of a High-Speed 
Milling Cutter. 


Metal Cutting Tools Without 
Clearance. 


Interchangeable Involute Gear- 
Tooth Systems. 


Spur Gearing on Heavy Railway 
Motor Equipments. 


GAS POWER 


A Simple Continuous Gas Calori- 
meter. 


Horse Power, Friction Losses 
and Efficiency of Gas and Oil 
Engines. 


A Simple Method of Cleaning 
Gas Conduits. 


Loss of Fuel Weight in a 
Freshly Charged Producer. 


STEAM POWER PLANT 


Fuel Economy Tests at a Large 
Oil Burning Electric Plant. 


Unnecessary Losses in Firing 


Fuel Oil. 


The Slipping Point of Rolled 
Boiler Tube Joints. 


BOUND, HALF MOROCCO, $11.00 A VOLUME 


The American Society of Mechanical Engineers 
29 West 39th Street, New York 
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sod American Service Pumps 


are ideal for intermittent service. 
They cannot short stroke, race 
or pound and can be adjusted to 
suit conditions We guarantee 
very low steam consumption and 
minimum cost for repairs. 


: American Steam Pump Company 
Battle Creek, Michigan 


Write for Bulletin No. 887 B 


GOULDS 


Triplex Power Pumps will meet your pumping 
problem more economically than any other type. 
Their great saving and efhiciency is acknowledged 
by Engineers every where 


Write for complete Catalog 


THE GOULDS MFG. CO. 
78 W. Fall Street Seneca Falls, N. Y. 


Branches in all large cities 


CENTRIFUGAL 
PUMPING MACHINERY 


Of all Descriptions 


MORRIS MACHINE WORKS 


BALDWINSVILLE, N. Y. 


HENION & HUBBELL, Agents, 61-69 N. Jefferson 
Street, Chicago, Ill. 


H. A. PAINE, Agent, Houston, Tex. 
New York Office, 139-41 Cortlandt Street 


THE VENTURI HOT WATER METER 


does not have to be sent back to the makers 
every six months to be tested. 

IT IS RIGHT AT FIRST 

AND IT STAYS RIGHT 


New Bulletin No. 68 tells why. May we send you a copy? 


BUILDERS IRON FOUNDRY 
PROVIDENCE, R. I. 
W.D. Hess, 431 The Rookery, Chicago, Agent for Central States. 
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PERFORATED METALS 


ANYTHING IN PERFORATED METAL 


@ We perforate Steel, Copper, Brass, Zinc, Tin, Alumi- 
num or any other Sheet Metal for all purposes and all 
sorts of Screens. 


@ Ornamental Screens, for Heating and Ventilating 
Apparatus, Radiator Guards, Elevator Enclosures, Lock- 
ers, Partitions, Railway Coaches, Ventilators, etc. 


q For Electrical Manufacturing, Storage Batteries, Rheo- 
stat and Controller Covers, Car Heaters, Lamps, Water 
Purifiers, Electric Vehicles, Automobiles and other uses. 


@ Our Screens are used in Mining and Grain Cleaning 
Machinery, Textile Mills, Clay Machinery, Pulp and 
Paper Mills and for screening Stone, Cement, Coal, etc. 


q Standard sizes of Perforated Brass and Tin only in 
stock. Other work is to order. 


Send full specifications and sample if possible, as we 
have as large a variety of sizes and patterns of dies as can 
be found anywhere. 


@ Doubtless we have just what you want or can make it, 
and quotations will be satisfactory. 


THE HARRINGTON & KING PERFORATING CO. 
615 North Union St., Chicago, Ill., U. S. A. New York Office, 114 Liberty Street 
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MACHINE SHOP EQUIPMENT 


MACHINE SHOP EQUIPMENT (|x 


BUTTERFIELD & CO. 
DERBY LINE, VT. ROCK ISLAND, P. Q. Tare a 4 
Manufacturers of Taps, Dies, Screw Plates, Stocks and Dies, Tap and 
Wrenches, and all Thread Cutting Tools. Our goods are not surpassed by DIES ee | 
any in the world. 
i 
NIAGARA FALLS, N. Y. 
; Sole manufacturers in America of Carborundum, the hardest, sharpest, quickest | CARBORUNDUM : 
4 cutting and most uniformly perfect abrasive material known. The Carborundum pro- PRODUCTS eae 
ducts include: Grinding Wheels for every possible grinding need, Sharpening Stones, | ae 
: Oil Stones, Rubbing Bricks, Carborundum Paper and Cloth, Valve Grinding Compound, 
Carborundum Grains and Powders, and Garnet Paper. 


THE J. M. CARPENTER TAP & DIE CO. 


PAWTUCKET, R. I. 
Carpenter's Tools for cutting Screw Threads, Taps, Dies, Screw Plates, eae : 
Dies and Stocks, Tap Wrenches, etc., have been 38 years on the market DIES me. 
and 38 years in the lead. is 
| 
| 
| CINCINNATI GEA R CUTTING MACHINE CO. GEAR i 
CINCINNATI, O. | CUTTING 
Our Automatic Spur Gear Cutting Machines exceed in power and) MACHINES ; 
capacity and equal in accuracy any machines of their type made. : S 
THE CINCINNATI SHAPER CO. 
CINCINNATI, O. SHAPING 
We manufacture the most complete line of Shapers made, including MACHINES 
> Plain Crank, Back Geared Crank, Geared Rack, Open Side and Traverse ea 
Shapers, as well as Crank Planers. 


THE FELLOWS GEAR SHAPER CO. | 


SPRINGFIELD, VT. GEAR a 
SHAPERS 


The Gear Shaper cuts the smoothest gears in use, because the cutter is a theoreti- 
cally correct generating tool and is ground after being hardened. It is also the 
fastest machine on the market by 25 to 50°7. Literature gives reasons in detail. 


THE GARVIN MACHINE COMPANY a 
137 Vanick Sr. NEW YORK CITY MILLING — 
Manufacturers of a complete line of Plain and Universal Milling Machines, Screw MACHINES 
‘ Machines, Monitor Lathes, Tapping Machines, Duplex Drill Lathes, Speed Lathes, Cut- 
| ter Grinders, Automatic Chucks, etc. 
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MACHINE SHOP EQUIPMENT 


THE GRANT MANUFACTURING & MACHINE CO. | 


*NOISELESS' BRIDGEPORT, CONN. 
MACHINES Send to us your samples and we will rivet them with our Noiseless, Blowless, 
Spinning Process, and return to you free of charge, giving rate of production which 


is usually more rapid than one per second. 
| 


HAMMACHER, SCHLEMMER & CO. 


HOLLOW | New York, since 1848 4th Avenue and 13th Street 
SET | Hardware, Tools and Supplies 
SCREWS Including Hollow Set Screws. See specialadvertisement under ‘** Ma- 
chine Shop Equipment.” 
JON ES & LA MSON MACHINE CO. 
TURRET SPRINGFIELD, VT. 
LATHES 


| 
Manufacturers of the Hartness Flat Turret Lathe; made in two sizes | 
for both bar and chuck work. 


THE KING MACHINE TOOL CO. 
CINCINNATI, O. 


MILLS Vertical Turret Machines, 28” and 34”. Vertical Boring and Turning 
42” to inclusive. 


Laren | THE R. K. LE BLOND MACHINE TOOL CO. 


CINCINNATI, OHIO. 

MILLING We manufacture a complete line of Heavy Duty Lathes and Milling Machines. 
MACHINES | They are scientifically designed, so the power is limited only by the strength of the 
| cutting tool. It will pay you to investigate our machines. Catalogue upon request. 


MACHINE MANNING, MAXWELL & MOORE, INc. 
TOOLS SINGER BUILDING, NEW YORK 
ENGINEERING Are the largest and best known distributors of Machine Tools in the 


SPECIALTIES world and carry in stock the product of the foremost designers of the 
| many branches of machine tool building in the United States. 


DRILLS NATIONAL MACHINE COMPANY 


GRINDERS | HARTFORD, CONN. 
aun tapemen| Sensitive Drills, 1 to 10 Spindles; Reamer and Surface Grinders; Cen- | 


MACHINES | tering and Tapping Machines. All kinds of Universal Printing, Embossing, | 
and Cutting and Creasing Machines. Send for catalogue. 


| THE NATIONAL MACHINERY CO. 
BOLT AND TIFFIN, OHIO 


NUT We build a complete line of Bolt and Nut Machinery, including Bolt Cutters | 
MACHINERY (acento Bolt and Rivet Headers, Upsetting and Forging Machines, Hot Pressed | 


ut Machines, Nut Tappers, Washer Machines, Wire Nail Machines and Lag Screw 
Gimlet Pointers. 
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MACHINE SHOP EQUIPMENT 


THE NEW PROCESS RAW HIDE CO. prennne 
SYRACUSE, N. Y. | AND 


Manufacturers of New Process Noiseless Pinions and also of accurately , GEARS 
cut Metal Gears of all kinds. 


NILES-BEMENT-POND CO. 
111 Broapway NEW YORK 
Metal Working Machine Tools, all kinds and sizes. Niles Cranes, 2 to | TOOLS 
200 tons capacity. Hydraulic Machinery. Steam and Drop Hammers. CRANES 
Small Tools and Gauges. Catalogs mailed upon request. 


RUSSELL, BURDSALL & WARD BOLT & NUT CO. 


BOLTS 
PORT CHESTER, N. Y. AND 
Manufacturers of the finest grade of Bolts and Nuts for automobiles, NUTS 


machinery and engineering work. 


= 
THE STANDARD TOOL CO. ona 
CLEVELAND, OHIO 94 Reape St.,. NEW YORK | REAMERS 
Twist Drills, Countersinks, Chucks, Sockets, Emery Wheel Dressers, CUTTERS 
a Gauges, Reamers, Taps, Screw Cutting Dies, Milling Cutters, Taper | TAPS 
ins. | 
‘UNITED ENGINEERING & FOUNDRY CO. 
| 2300 Farmers’ Bank Bldg. PITTSBURG, PA. HYDRAULIC 
Manufacturers of High-Speed Steam Hydraulic Forging Presses. FORGING 


Single Lever Control. Built for all classes of Forging, Shearing or Press- PRESSES 
jing. 100 to 12,000 tons capacity. 


| WALTHAM MACHINE WORKS ees 
| WALTHAM, MASS. 


BENCH 
Our Bench Lathes swing 8”, will take 3” rod through the chuck and the workman- | 
ship is of the highest watch machine standard. It is a necessity in the modern tool | LATHES 
room. Catalog for those interested. Also makers of Automatic Precision Bench 
Machinery. 


—s- THE WARNER & SWASEY COMPANY 
New York CLEVELAND Cuicaco | TURRET 


We offer a most complete line of high-grade Turret Lathes for produc- | LATHES 
ing work accurately, rapidly and economically. Our catalog, which describes | 
these machines fully, will be mailed on request. 


WILEY & RUSSELL MFG. CO. ieee 


GREENFIELD, MASS. TAPS, 
Manufacturers of the well-known Lightning “Machine Relieved" Taps, Green REAMERS, 


River and Lightning Screw Plates; Adjustable Screw Thread Cutting Dies; Spiral BOLT CUTTERS 


Fluted Reamers: Opening-Die Bolt Cutters, etc. Send for catalogue 34X. 
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STEAM ENGINES AND BOILERS 


STEAM ENGINES AND BOILERS 


WATER TUBE 
BOILERS 


ENGINES 


WATER TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 
STEAM ano GAS 


STEAM 
BOILERS AND 
ENGINES 
FEED-WATER 
HEATERS 


WATER-TUBE 
BOILER 


ALMY WATER TUBE BOILER CO. 
PROVIDENCE, R. I. 


_ Manufacturers of Almy Patent Sectional Water Tube Boilers for steamships, 
river steamers, both propeller and stern wheel, torpedo boats, fire boats, launches. 
Donkey Boilers for steamships and for all kinds of stationary work. 


AMERICAN ENGINE CO. 
42 Ranriran Ave. BOUND BROOK, N. J. 


Builders of American Ball Angle Compound Engines. Angle com- 
pound, 80 to 1,000 h. p.; double angle compound, 160 to 2,000 h. p.: four 
cylinder triple, 120 to 1,600 h. p. 


THE BABCOCK & WILCOX COMPANY 
85 LIBERTY STREET, NEW YORK 


Water Tube Steam Boilers, Steam Superheaters, Mechanical Stokers. 


BALL ENGINE COMPANY 
ERIE, PA. 


Builders of Ball Single Valve Automatic and High Speed Corliss Fngines with 
non-detaching valve gear, for direct connection, or belting to electric generators. 


BUCKEYE ENGINE CO. 
SALEM, OHIO 


Builders of Steam and Gas Engines; high in duty, superior in regu- | 


lation. Buckeye Four-Stroke Cycle Gas Engine, single and double-acting, 
in powers from 50 to 6000 h. p. 


ERIE CITY TRON WORKS 
ERIE, PA. 
Boilers: water tube, horizontal tubular, return tubular, water bottom portable, 
open bottom portable and vertical tubular. Engines: four valve, enclosed high speed, 
automatic, center crank, side crank, portable. Feed-Water Heaters from 25 to 600 h.p. 


FRANKLIN BOILER WORKS CO. 


TROY, N. Y. 
Sales Office: 39 Cortlandt St., NEW YORK 
Manufacturers of the Franklin Water-Tube Boiler. Built entirely of 


wrought steel. Large grate service, steam space and forcing capacity. 
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STEAM ENGINES AND BOILERS 
HARRISBURG FOUNDRY & MACHINE WORKS 
i HARRISBURG, PA. | STEAM 
Manufacturers of Fleming-Harrisburg Horizontal Engines, Corliss and ENGINES 
Single Valve, Simple, Tandem and Cross Compound. 
HEINE SAFETY BOLLER CO. 
ST. LOUIS, MO. TUBE . 
Heine Water Tube Boilers and Superheaters, manufactured in units of BOILERS / 
from 50 to 600 H. P., will materially reduce power plant expense. 
HEWES & PHILLIPS [TRON WORKS bj 
NEWARK, N. J. STEAM 
; Makers of improved Patent, Double Port Corliss Engines, Heavy Duty ENGINES . 
or Girder Frame, Simple or Compound, having our new Franklin High- i 3 
speed Liberating Valve Gear. 
THE HOOVEN, OWENS, RENTSCHLER CO. ee. 
HAMILTON, OHIO. ENGINES 
Manufacturers of Hamilton Corliss Engines, Hamilton High Speed TURBINES oy 
Corliss Engines, Hamilton Holzwarth Steam Turbines, Special Heavy CASTINGS ; 
Castings. 
A. L. IDE & SONS 
SPRINGFIELD, ILL. STEAM 


The Ideal Engine. Built for all power purposes, in simple and com- ENGINES 
pound types. 


MURRAY IRON WORKS CO. 


BURLINGTON, IA. ENGINES — 
“ Manufacturers of the Murray Corliss Engine and Murray Water Tube BOILERS sid 


Boiler. 


PROVIDENCE ENGINEERING WORKS ANS. 
PROVIDENCE, R. I. GAS 7 
Rice & Sargent Higher Speed Corliss Engines, Improved Greene | PRODUCERS 
Y Engines, Providence Gas Engines and Gas Producers, Providence Steam STEAM 
Turbines, Automobile Motors and Parts, Special Machinery. TURBINES 


RIDGWAY DYNAMO AND ENGINE CO. 4 
RIDGWAY, PA. ENGINES 2 


Ridgway Engines; four-valve, cross compound, belted, single-valve, GENERATORS 
tandem compound, direct connected. Ridgway Generators; alternating mS , 
current, direct current, belted and engine types. ae 
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STEAM ENGINES AND BOILERS 


ROBB-MUMFORD BOILER CO. 


SOUTH FRAMINGHAM, MASS. 
BOILERS 131 State St., BOSTON % West St., NEW YORK 


Robb-Mumford Internally Fired Boiler, Water Tube, Return Tubular, 
and other types of boilers; Smoke Stacks, Tanks, etc. 


THE WESTINGHOUSE MACHINE CO. 


GAS } 
PRODUCERS EAST PITTSBURG, PA. | 
CONDENSERS Designers and builders of Steam Turbines, Steam Engines, Gas En- 
STOKERS gines, Gas Producers, Condensers and Mechanical Stokers. 
WISCONSIN ENGINE COMPANY | 
| CORLISS, WIS. 
COMPRESSORS Corliss Engines, Air and Gas Compressors, High Duty Pumping | 
Engines, Blowing Engines, Rolling Mill Engines, ‘‘Complete Expansion” | 


Gas Engines. 


GAS ENGINES AND GAS PRODUCERS 


| ALLIS-CHALMERS COMPANY 
GAS | MILWAUKEE, WISCONSIN 
ae Builders of Gas Engines to operate on producer gas, natural gas or 
furnace gas, capacities from 300 to 5000 B.H.P. 


— 
THE BRUCE-MACBETH ENGINE CO. 
GAS ENGINES | Successors to THE BRUCE-MERIAM-ABBOTT COMPANY | 
AND 2116 Centre St., N. W. CLEVELAND, O. 
PRODUCERS Vertical Gas Engines, Two and Four Cylinders. For natural or pro- | 
ducer gas. 15 to 300H.P. Economy, reliability and simplicity unex- | 
celled. | 
rernicerating DK LA VERGNE MACHINE COMPANY 
ice ‘MAKING Foor or E. 138rx Sr. NEW YORK CITY | 
MACHINERY 
OIL AND GAS Refrigerating and Ice Making Machinery, 5 to 600 tons capacity; Oil 
ENGINES Engines up to 250 B. H. P.; Gas Engines 75 to 2400 B. H. P. 
AUGUST MIETZ IRON FOUNDRY & MACHINE WORKS 
OIL 123 Morr Sr., NEW YORK | 
ENGINES Oil Engines, Marine and Stationary, 2-400 h.p., 100,000 h.p. in oper- | 
ation. Direct coupled or belted to Generators, Air Compressors, Pumps, 
Hoists, etc., etc. | 
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| poses. Iron and Brass Pop Safety and Relief Valves for stationary, marine and loco- | INDICATORS 


GAS ENGINES AND GAS PRODUCERS 


| NATIONAL METER COMPANY 
NEW YORK CHICAGO BOSTON GAS ENGINES 


AND 
Nash Gas Engines and Producers are capable of running at their rated | peopycers 
load for ten consecutive hours on one charge of fuel; will develop a B. h. p. | 
hour on one pound of coal; are reliable because theyre Nash. 


| STRUTHERS-WELLS COMPANY | 
WARREN, PA. 

Warren Vertical and Tandem Gas Engines and Section Gas Producers have heavy | 

overload capacity, close regulation, positive lubrication, positive circulation of cooling | 


water. No joints between combustion chamber and water jackets. All valve cages 
removable. 


GAS ENGINES 
AND 
PRODUCERS 


POWER PLANT AUXILIARIES AND SPECIALTIES 


AMERICAN INJECTOR COMPANY 
DETROIT, MICH. 


U. S. Automatic Injectors, Ejectors, Jet Pumps, Drive Well Jet Pumps, INJECTORS 
Exhaust Injectors, Fire Plugs, Grease Cups, Oil Cups, Oil Pumps, Water 
Gages, Gage Cocks, lubricating devices and other steam specialties. 
AMERICAN STEAM GAUGE AND VALVE MFG. CO. vaLves 
BOSTON, MASS. ISTABLISHE 51 | 
EsTaBuisHeD 1851 | GAUGES 


Presssure and Recording Gauges, Engine Room Clocks and Counters for all pur- 


motive use. The American Thompson Improved Indicator with new improved detent 
motion. 


THE ASHTON VALVE CO. 


BOSTON NEW YORK CHICAGO VALVES 
Makers of the Ashton Pop Safety Valves, Water Relief Valves, Blow GAGES 


Off Valves, Pressure and Vacuum Gages. All of a superior quality and 
vuaranteed to give greatest efficiency, durability and perfect satisfaction 


BRIDGEPORT BRASS CO. | 
BRIDGEPORT, CONN. 


Brass and Copper in Tube, Wire, Sheets, Rods, etc. We make Con- 
denser Tubes, both in the brass and admiralty mixtures. 


CONDENSER 
TUBES 


THE BRISTOL COMPANY 


RECORDING 


WATERBURY, CONN. GAUGES 
Bristol’s Recording Pressure and Vacuum Gauges. Bristol’s Recording Ther- and 


mometers. The Wm. H. Bristol Electric Pyrometers. Bristol's Recording Voitmeters, 
Ammeters and Wattmeters. Bristol's Recording Water Level Gauges. Bristol's Time 
Recorders and Bristol's Patent Steel Belt Lacing. 


INSTRUMENTS 
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CONDENSORS 


VALVES 


STEAM 
APPLIANCES 


BOILER 
WATER 
TREATMENT 


BOILER 
COMPOUND 


GRAPHITE 
PRODUCTS 


BALANCED 
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McLean Parents 


FEED WATER 
HEATERS 
STEAM ano OIL 
SEPARATORS 


WATER 
PURIFICATION 


VALVES 


POWER PLANT AUXILIARIES AND SPECIALTIES 


HENRY W. BULKLEY | 
ORANGE, N. J. 


The Bulkley Injector Condensor is guaranteed to form the best vacuum 
by head of water or by supply pump. In general use on all classes of 
engines. 


‘CHAPMAN VALVE MANUFACTURING co. 
INDIAN ORCHARD, MASS. 


BOSTON NEW YORK ST.LOUIS PITTSBURGH CHICAGO PHILADELPHIA SAN FRANCISCO 


Brass and Iron Valves for steam, water, gas, oil, etc. Sluice Gates. 


| Send for catalogue. 


CROSBY STEAM GAGE AND VALVE CO. 
BOSTON, MASS. 

Steam, Gas, Hydraulic Indicators: Stationary, Marine, Locomotive Safety Valves: 

Gages for all purposes: Recording Instruments: Chime Whistler: Sight feed Lubrica- 


tors: Globe and Angle Valves, [ron and Brass, for high pressures: Blow-off Valves; Gage 
Testing Instruments; Boiler Testing Instruments; Planimeters and other specialties. 


| DEARBORN DRUG & CHEMICAL WORKS 


General Offices and Laboratories: McCormick Bldg., CHICAGO 


Analyze gallon samples of boiler waters, and furnish reports to steam 
users, gratis. Prepare scientific water treatment for the prevention of scale, 


corrosion, pitting, foaming, and all troubles caused from boiler waters. 


JOSEPH DIXON CRUCIBLE CO. 
JERSEY CITY, N. J. 
Miners, importers and manufacturers of Graphite, Plumbago, Black- 
Lead Pencils, Crucibles, Stove Polish, Lubricants, Paints, and Graphite, 


| Products of all kinds. 


THE ENGINEER COMPANY 
50 Cuuren Sr. NEW YORK, N. Y. 
*‘Economy”’ and ‘*Increased Capacity’’ obtained by the Upbuilding of 
Furnace Efficiency when operating with the Balanced Draft System. 
(Trade Mark “Balanced” Reg. U. S. Pat. Office. i= _| 


- HARRISON SAFETY BOILER WORKS 
3199 N. Sr., PHILADELPHIA, PA. 


COCHRANE Open Feed Water Heaters. Steam Stack Heaters and 
Receivers, Steam and Oil Separators, Hot Process Water Softening Systems. 
Write for engineering leaflets (Series 45) describing uses. ‘| 


HOMESTEAD VALVE MANUFACTURING COMPANY 
Worxs: HOMESTEAD, PA. PITTSBURG, PA. 
Manufacturers of ‘‘Homestead Valves.’’ Straightway, Three-way and 


Four-way, for blow-off or for highest pressure and most difficult service for 
water, air or steam. Valves unlike all others. 


38 


| 

|__| 


7 
POWER PLANT AUXILIARIES AND SPECIALTIES 
HOPPES MANUFACTURING CO. | 
47 James Sr. SPRINGFIELD, OHIO | PURIFIERS > 
Exhaust Steam Feed-Water Heaters, Live Steam Feed-Water Purifiers, | STEAM ano OIL a , 
Steam Separators, Oil Eliminators and Exhaust Heads. All machines | gt ‘ es 
guaranteed. Prices, catalogs and blueprints on request. HEADS 


. THE HUGHSON STEAM SPECIALTY CO. VALVES 


CHICAGO, ILL. STEAM TRAPS 
oe Manufacturers of Regulating Valves for all pressures and for steam, air and water. SEPARATORS , a 
Phe best and only absolutely noiseless Combination Back Pressure and Relief Valve. REGULATORS ¥ % WW 
Pump Regulators, Separators, Steam Traps, Automatic Stop and Check Valves. Write = 4 
for complete catalogue. 
| JENKINS BROS. | 
NEW YORK BOSTON PHILADELPHIA CHICAGO ‘VALVES 
Manufacturers of the genuine Jenkins Bros. Valves, Jenkins Dises, 
Jenkins 96 Packing, Jenkins Bros. Pump Valves, Jenkins Gasket Tubing. 
Sole agents for Sellers’ Restarting Injector. Catalog mailed on request. 
ROBERT A. KEASBEY CO. MAGNESIA 
. 100 N. Moore Sr. NEW YORK CITY ASBESTOS ae 
Telephone: 6097 Franklin. AND 
Heat and Cold Insulating Materials. Headquarters for 85°, Magnesia, 
; Asbestos and Brine Pipe Coverings, Asbestos Products, etc. i 


THE KENNEDY VALVE MANUFACTURING CO. 


ELMIRA, N. Y. 57 Beekman NEW YORK 
VALVES 
Manufacturers of Valves for various purposes and pressures; Hydrants; 


Indicator Valves for Automatic Sprinkler Equipment. 


LACLEDE-CHRISTY CLAY PRODUCTS CO. 


Main Office and Works Branch Office 

: Manchesterand Sulphur Aves. STOKER DEPT. 448 Com. Nat. Bank Bldg, MECHANICAL | . 

St. Louis, Mo. Chicago, Ill. STOKERS 

The ‘*Laclede-Christy’’ Chain Grates have solved the problem of 4 
economical boiler plant operation. Catalogue on request. Base: 


| 
THE LUDLOW VALVE MFG. CO. 


TROY, N. Y. sLow-orr 

Manufacturers of genuine Ludlow Gate Valves for all purposes. VALVES ie 
Special Blow-off Valves. Check Valves. Foot Valves. Sluice Gates. 
_ Indicator Posts. Fire Hydrants. 


f McCORD AND COMPANY 


RAILWAY 
CHICAGO NEW YORK  speciacties 

: The McCord Spring Dampener. The McCord Journal Box. The (LUBRICATORS 

: McCord Draft Gear. The McCord Force-feed Lubricator. 
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POWER PLANT AUXILIARIES AND SPECIALTIES 


THE MODEL SfOKER CO. 


STOKER The Model Automatic Smokeless Furnace; an improved Boiler Furnace. 
Can be adapted to any of the regular types of boilers and its adaption 
varied to suit almost any conceivable conditions. 


MONARCH VALVE & MANUFACTURING COMPANY 


39 Cortianpt St., NEW YORK SPRINGFIELD, MASS. 
VALVES Manufacturers of Bronze and Iron Bodied Valves for various pressures | 
and purposes. 
MOREHEAD MANUFACTURING CO. 
DETROIT, MICH. 
: Return, Non-Return and Vacuum Steam Traps. The Morehead Tilting Steam Trap 
is the original design of tilting trap, having been on the market for a quarter of a cen- 
tury. For reliable and satisfactory service this type of trap recommends itself. Illus- 
trated descriptive catalog sent on request. 
| 
| THE MURPHY IRON WORKS 
AUTOMATIC 


DETROIT, MICH. 
FURNACE | Founded 1878 Inc. 1904 


Builders of The Murphy Automatic Furnace. The best Automatic Fur- 
| nace that thirty years practical experience can produce. 


NELSON VALVE COMPANY 
PHILADELPHIA 


VALVES Gate, Globe, Angle and Check Valves, for Water, Saturated or Super- 
heated Steam and other fluids, for any pressure, for any temperature. Our 
new 224-page Valve Catalogue sent free on request. 

T 
W. H. NICHOLSON & COMPANY 
| WILKES-BARRE, PA. 
The Wyoming Automatic Eliminator is a combination Steam Separator | 
TRAPS and Trap. It has the capacity to handle floods as well as ordinary conden- | 
sation. Write for catalogue on separators and steam traps. 
INJECTORS THE OHIO INJECTOR COMPANY 
LUBRICATORS WADSWORTH, O. 
GREASE CUPS Manufacturers of Ohio Locomotive Injectors, Garfield Injectors and Ejectors, 
GAUGES Ohio Automatic Injectors, Chicago Automatic Injectors and Ejectors, Chicago Sight- 
VALVES Feed Lubricators for locomotive and stationary service, Grease Cups, Oil Cups, Water 


| Gauges, Gauge Cocks, O. I. Co. Valves, ete. 


separators | POWER PLANT SPECIALTY COMPANY | 

FEED-WATER | 625 MonapNock BLK., CHICAGO, ILL. 

HE TERS Manufacturers of the Vater Two Stage Separator, Vater Water Soften- 

SOFTENERS | ing System, Vater Open Feed Water Heater, Monarch Vacuum Drain 
Trap, Pressure and Gravity Filters. Correspondence solicited. 
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POWER PLANT AUXILIARIES AND SPECIALTIES 
POWER SPECIALTY CoO. 
111 Broapway NEW YORK | 
Tne Foster Patent Superheater, saves feed water, condensing water, 


| coal and boiler power. 


SUPERHEATERS 


WM. B. SCAIFE & SONS COMPANY | 
| 221 First Ave., PITTSBURG, PA. Pu RIFYING 


WE-FU-GO and SCAIFE Water Softening, Purifying and Filtering svateme 
| Systems for boiler feed water and all industrial and domestic purposes | 


_ 


JOHN SIMMONS COMPANY 


110 Centre Sr. NEW YORK 
The Rothchild Rotary Gate Valve is the only Valve made that will Gare 
| positively hold steam, water, ammonia, gas, air, oil or other fluids—hot VALVE 


| 


| or cold, without any adjustment, repairs or replacing of parts. 


THE TIGHT JOINT COMPANY 


306-310 East 47th Street NEW YORK CITY HIGH 
High Pressure Fittings and Valves for general hydraulic systems, Air PRESSUNS 


or Oil Pressures, for pressures of 500; 1000; 1500; 3000 and 5000 lbs. a hata 
Send for catalogue. 


WHEELER CONDENSER & ENG. CO. 


CONDENSERS 


Marin Orrice anp Works: CARTERET, N. J. PUMPS 
_ Surface, Jet and Barometric Condensers, Combined Surface Condensers and Feed COOLING 
Water Heaters, Cooling Towers, Edwards Air Pumps, Centrifugal Pumps, Rotative TOWERS 


Dry Vacuum Pumps and Multiple Effect and Evaporating Machinery. 


C. H. WHEELER MFG. CO. CONDENSERS 


PHILADELPHIA, PA. COOLING 

NEW YORK CHICAGO SAN FRANCISCO TOWERS 
Manufacturers of High Vacuum Apparatus, Condensers, Air Pumps, FEED-WATER 

Feed Water Heaters, Water Cooling Towers, Boiler Feed and Pressure Pumps. HEATERS 


BLOWERS, FANS, DRYERS, ETC. 


EXETER MACHINE WORKS 


EXETER, N. H. BLOWERS 
Manufacturers of Exeter Pressure Blowers and Fan Blowers; Exeter Exhausters FANS 


| for Wood; Exeter Ventilator Wheels; Large Exeter Fans and Exhausters for Heating, | EXHAUSTERS 
| Ventilating, Forced and Induced Draft. Catalogue gives details. 
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BLOWERS, FANS, DRYERS, ETC. 


BLOWERS P. H. & F. M. ROOTS CO. 


GAS CONNERSVILLE, IND. 
EXHAUSTERS Positive Pressure Blowers for foundries. High Pressure Blowers. Blowers for 
PUMPS vacuum cleaning, for laundries, for blacksmiths. Positive Rotary Pumps, Positive 


Preeenre Gas Fxhausters, High Pressure Gas Pumps. Flexible Couplings. 


RUGGLES-COLES ENGINEERING CO. 
DRYERS McCormick Buipc., CHICAGO Hvupson Terminat, NEW YORK 


Dryers. Direct heat, Indirect heat, and Steam Dryers for all kinds of | 
materials. 


rans F. STURTEVANT COMPANY | 


BLOWERS HYDE PARK, MASS. | 
ECONOMIZERS We make equipment to force or exhaust air under all conditions. 
ENGINES Largest standard line of ‘tready to deliver’ Fans in the world and special 
work done where necessary. Consulting representatives in or near your city. 


ELECTRICAL APPARATUS 


ALLIS-CHALMERS COMPANY | 
MOTORS MILWAUKEE, WISCONSIN 


— Builders of Electrical Machinery of every description; Motors and 


GENERATORS § Generators for alternating and direct current; Rotary Converters, Trans- | 
formers, Switchboards. | 


GENERAL ELECTRIC COMPANY 


ELECTRIC SCHENECTADY, N. Y. 
DRIVE | The General Electric Company has equipped machines of all kinds with 


| its motors. For each kind of machine there is an equipment of motor and 
controller that is best. 


| RELIANCE ELECTRIC & ENGINEERING CO. 
ELECTRIC | CLEVELAND, OHIO 
MOTORS Our specialty is Machine Shop Drives. We will design all parts for the conver- | 
sion of your belt driven machines into motor drive. Manufacturers of the Reliance | 
Adjustable Speed Motor. Alsoa complete line of D.C. and A.C. Constant Speed Motors. 


| 
| 


SPRAGUE ELECTRIC COMPANY 


GENERATORS 
MOTORS 527-531 W. 34th St., NEW YORK 
prvi Manufacturers of D. C. Generators, Electric Motors, Electric Hoists, 


Electric Fans, Conduits, Armored Cable, Outlet Boxes, Armored Hose. 


42 


} 

= 

| 


PUMPS AND HYDRAULIC TURBINES 


WAGNER ELECTRIC MFG. COMPANY 


DYNAMOS 
ST. LOUIS, MO. 
| Producers of the commercially successful Single-phase Motor. Pioneers in Power MOTORS 
| and Lighting Transformers. Builders of the most liberally designed and rugged poly- | TransrorMers 
| phase generators and motors the market affords. Manufacturers of the most c ompre 
hensive line of switchboard and portable instruments offered to-day. INSTRUMENTS 
Ww ESTINGHOUSE ELECTRIC & MFG. CO.) 
| PITTSBURG, PA. ELECTRIC 
Westinghouse Electric Motor Drive. Pumps, compressors, hoists, MOTOR 
machine tools and every class of apparatus develop their highest efficiency DRIVE 
when individually driven with Westinghouse Motors. | 
: 


PUMPS AND HYDRAULIC TURBINES 


| ALLIS-CHALMERS COMPANY 
MILWAUKEE, WISCONSIN HYDRAULIC 
Builders of Reaction and Impulse Turbines, in capacities up to 20,000 TURBINES 
H.P. High Duty Pumping Engines, Centrifugal Pumps, Single and Multi- PUMPING 
Stage; Screw Pumps, Elevator Pumps, Geared Pumps, Mine Pumps and MACHINERY 
Electrically Driven Pumps. Hydraulic Transmission Pumping Machinery , 


AMERICAN STEAM PUMP 
BATTLE CREEK, MICHIGAN, U. S. A. PUMPING 
ers oO d t Powe r Macl 


low maintenance cost, should appeal to engineers who desire to reduce their operating 
‘xymenses, Literature upon request. 


ATLANTIC HYDRAULIC MACHINERY CO., INc. 
PHILADELPHIA, PA. TURBINE 
Our Turbine Pumps are light, comparatively low priced, constructed PUMPS 
according to the latest designs, highly efficient. We guarantee to cach 
customer to fill his individual requirements exactly. 


BUILDERS IRON FOUNDRY 


PROVIDENCE, R. I. VENTURI 


Venturi Meters measure cold water, hot water, brine and chemicals. They are METERS 
used on gravity supplies and to check performance of centrifugal and reciprocating 

pumps. Usual sizes from 2" to 60". Larger sizes in use. Full set of bulletins on 

request. 


M. T. DAVIDSON CO. 
43-53 Kear St., BROOKLYN, N. Y. 
New York: 154 Nassau St. Bosron: 30 Oliver St. 


High grade economical Pumps for all services. Surface and Jet Con- 
densers. 


PUMPS 
CONDENSERS 
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PUMPS AND HYDRAULIC TURBINES 
| 


THE GOULDS MANUFACTURING COMPANY 
PUMPS SENECA FALLS, N. Y. 


HYDRAULIC Manufacturers of Efficient Triplex Power Pumps for general water supply, muni- 
MACHINERY | cipal water-works, fire protection, hydraulic elevators, paperand pulp mills, boiler feed 
| umps, chemical pumps and air compressors, rotary, centrifugal and well pumps and 
d pumps of every kind. } 


= 

GOYNE STEAM PUMP CO. | 
MINING ASHLAND, PA. | 
PUMPS Manufacturers of Mining Pumps for any service or capacity. Most Engineers | 


know that the life of the superior mining pump is from two to four times that of the 
ordinary on the same service. Why then let a difference of from 25 to even 50% in first 
cost determine your °°'> ‘‘on? 


HOLYOKE MACHINE COMPANY | 
HOLYOKE, MASS. WORCESTER, MASS. | 


Water Wheels with Connections and Complete Power Transmission, 
Water Wheel Governors, Gearing, Wood Pulp and Paper Machinery, 
Pumps, Hydraulic Presses. Special Machinery to order. 


WATER 
WHEELS 


CENTRIFUGAL MORRIS MACHINE WORKS 


PUMPING BALDWINSVILLE, N. Y. 

MACHINERY 
ENGINES Manufacturers of Centrifugal Pumping Machinery, Vertical and Hori- 
BOILERS zontal Engines and Boilers. 


WILLIAM E. QUIMBY, INC. 
MACHINISTS §48-50 West Sr. NEW YORK 
Have a shop on 23d Street, New York, equipped with large and accurate 
“e*"* tools and do a general machine business. Also manufacture the Quimby 
Screw Pump and Quimby Electric Sump Pump. 


AIR COMPRESSORS AND PNEUMATIC TOOLS 


— 


THE BLAISDELL MACHINERY CO. 


AIR BRADFORD, PA. 
COMPRESSORS | new YORK BOSTON CHICAGO 


Blaisdell Air Compressors are manufactured in all sizes for all purposes. 


AIR | CHICAGO PNEUMATIC TOOL CO. 
COMPRESSORS CHICAGO, ILL. 


PNEUMATIC 
TOOLS 


| 
Manufacturers of Franklin Air Compressors and a complete line of | 
Pneumatic Tools and Appliances. 


44 


| 
x 
| 


AIR COMPRESSORS AND PNEUMATIC TOOLS 


THOS. H. DALLETT CO. 
York anp 23rp Sr. PHILADELPHIA, PA. AIR 


_ Our Compressors are exceptionally massive and rigid in design; have liberal COMPRESSORS 
bearing surfaces; all working parts are readily accessible; have special intake and dis- 
— valves. Are particularly adapted for high-class installations. Write for 
catalogue. 


POWER TRANSMISSION 


THE AMERICAN PULLEY CO. 
PHILADELPHIA, PA. 


The American Pulley. The first all steel parting belt pulley made. Now sold in 
larger quantities than any one make of pulley. No key, no set screw, no slip; light, 
true and amply strong for double belts. 120 stocks carried in the United States. 


PULLEYS 


ONEIDA STEEL PULLEY CO. 
ONEIDA, N. Y. CHICAGO, ILL. PULLEYS 
The largest manufacturers of Pulleys in the world. Our Steel Pulleys 
range from 6 to 126” diameter, 3 to 40” face, and fit any size shaft from 1 
to 84”. Let us send you our booklet illustrating all styles. 


DIAMOND CHAIN & MANUFACTURING CO. 
259 West Geoncia Sr. INDIANAPOLIS, IND. CHAIN 


Diamond Chains are more durable than the best belts. If your | rs 
_ Short transmissions are giving trouble, our engineering department will ad- 
| vise you free of charge. 


DODGE MANUFACTURING CO. 
MISHAWAKA, IND. POWER 


Everything for the Mechanical Transmission of Power. Plans and aaa 


estimates furnished on complete mill and factory equipments. 


THE HILL CLUTCH COMPANY 
CLEVELAND, OHIO POWER 
Manufacturers of a complete line of Power Transmission Machinery TRANSMISSION 
for belt, rope or gear driving, including the well known Hill Friction 
Clutches and Hill Collar Oiling Bearings. 


NATIONAL BRAKE & CLUTCH COMPANY. 


CORK INSERT 


16 Srare Srreer, BOSTON, MASS. 
We license others to manufacture, use or sell Cork Insert Pulleys, Clutches and FRICTION 
Brakes. They increase efficiency 50 to 100%, and are used in automobile, shafting and SURFACES 


Machinery clutches and in motor, shafting and machinery pulleys. Send for pam- 
phlets showing fifty applications. 
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POWER TRANSMISSION 
THE ROCKWOOD MANUFACTURING CO. 
INDIANAPOLIS, IND. 
FRICTION 


Rockwood Paper Frictions have proven their unquestioned superiority. 
Transmission | You will find our booklets regarding Transmission of Power by Belts and 
Friction Transmission desirable additions to your engineering library. 


T. B. WOOD'S SONS CO. 
POWER CHAMBERSBURG, PA. 
TRANSMISSION Modern and Approved Appliances for the transmission of Powe 


Shafting, Couplings, Collars, Hangers, Pulleys, Belt Tighteners, Friction 
Clutches, Rope Driving Equipments. 


HOISTING AND CONVEYING MACHINERY 


CRANES [ 


ALLIANCE MACHINE CO. 
STEAM 
PUNCHES Makers of Alliance Cranes of all types; also Rolling Mill and Hydraulic | 
AND Machinery, Steam Hammers, Punches and Shears, Scale Cars, Copper-Con- ; 
SHEARS verting Machinery, etc. 
‘BRODERICK & BASCOM ROPE COM PAN 
WIRE ROPE | ST. LOUIS, MO. ) 
Acnias Wine Rove Manufacturers of Wire Rope for over a quarter of a century and of the 
TRAMWAYS | famous Yellow Strand Wire Rope, the most powerful rope made. 
| Special system of Aerial Wire Rope Tramways for conveying material. 
THE BROWN HOISTING MACHINERY CO. | 
HOISTING New York CLEVELAND, O., U.S. A. Pittsburg 
Desi d manufacturers of all kinds of Hoisting Machinery, including Loc 
sah — Machinery of all description. Also Ferroinclave for reinforced con- 
crete 


H. W. CALDWELL & SON COMPANY 
New York CHICAGO 


POWER Elevating, Conveying and Power Transmitting Machinery. 
TRANSMISSION 


Boston 


Helicoid & 


screw conveyors, machine molded gears, pulleys, fly-wheels, rope sheaves 
and drives, sprocket wneels & cnain, buckets, belting, shafting and bearings 


HOISTING CLYDE IRON WORKS 
— DULUTH, MINN. 
DERRICKS 


Hoisting Engines and Derricks. All sizes and types of engines. 
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HOISTING AND CONVEYING MACHINERY 


| THE J. M. DODGE COMPANY com 
| NICETOWN, PHILA., PA. STORAGE 
| 


Contracting-Engineers. ‘““The Dodge System” of coal storage, Bridge Tramways, } CONVEYING 
MACHINERY 


| Telphers, Locomotive Cranes, Revolving Cranes, Locomotive-Coaling Stations, Hoisting 
lowers, Direct Unloaders, Car Dumpers, Steel and Concrete Structures. | 


THE EASTERN MACHINERY COMPANY — Etevators 


NEW HAVEN, CONN. FRICTION 
Manufacturers of Electric and Belt Power Passenger and Freight Ele- CLUTCHES 


vators, Hoisting Machines, Friction Winding Drums, Friction Clutches | 


and Friction Clutch Pulleys. PULLEYS 
THE B. F. GOODRICH CoO. 
AKRON, OHIO CONVEYOR 
Manufacturers of Goodrich Conveyor Belt. The Goodrich ‘*Longlife,”’ BELTS 
**Economy”’ and ‘*Grainbelt’’ Conveyors will handle more tons per dollar 
of cost than any other belt made. 
THE JEFFREY MFG. COMPANY 
COLUMBUS, OHIO ELEVATING 
CONVEYING 


Builders of Elevating, Conveying and Mining Machinery; Coal and Ashes Hand- 
ling Systems for Power Plants; Screens, Crushers, Pulverizers, Car Hauls, Coal Tipples, MINING 
Coal Washeries, Locomotives, Coal Cutters, Drills, etc. Complete Coal Mine Equip- MACHINERY 
ments, 


LIDGERWOOD MFG. CO. 


HOISTING 
96 Linertry Sr. NEW YORK ENGINES 
Hoisting Engines—steam and electric, for every use of the contractor, miner, CABLEWAYS 
warehouseman, railroads, ship owners, etc. Derricks, Derrick Lrons and Derrick Hoists, MARINE 
Cableways for hoisting and conveying, Marine Transfer for coal and cargo handling. TRANSFER 
| LINK-BELT COMPANY 
| PHILADELPHIA CHICAGO INDIANAPOLIS 
Elevators and Conveyors for every purpose; all accessories; Power | CONVEYORS 
Transmission Machinery. 
| MEAD-MORRISON MANUFACTURING COMPANY 
| NEW YORK BOSTON CHICAGO’) ELEVATING 
AND 


Coal-Handling Machinery, Hoisting Engines, complete Discharging and Storage | 
Plants, Cable Railways, Marine Elevators. McCaslin and Harrison Conveyors, Steam, CONVEYING 
Electric, Belt and Gasoline Hoists, Derrick Swingers, Grab Buckets, Steam Boilers, MACHINERY 
Locomotive Derricks, Suspension Cableways. 


THE MORGAN ENGINEERING CO. 
ALLIANCE, OHIO 
Are the largest builders of Electric Traveling Cranes in the world. We 
also design and build Steel Plants complete, Hammers, Presses, Shears, 
Charging Machines and all kinds of Rolling Mill and Special Machinery. 
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CRANES 
HOISTS 


ELEVATORS 


ELEVATORS 


WIRE ROPE 


CRANES 
CONTROLLERS 


ELEVATING 
CONVEYING 
and 
SCREENING 
MACHINERY 


ELEVATING 
CONVEYING 


POWER 


TRANSMITTING 


MACHINERY 


CHAIN 
BLOCKS 
ELECTRIC 
HOISTS 


HOISTING AND CONVEYING MACHINERY 


NORTHERN ENGINEERING WORKS 
DETROIT, MICH. 


We make Cranes of all types up to 150 tons. We also make Grab 
Bucket Cranes and Hoists for coal storage service, Cupolas, Coal and Ash 
Handling Machinery, Elevators and Foundry Equipment. 


OTIS ELEVATOR COMPANY 

17 Barrery P1., NEW YORK) 
Electric Elevators, alternating and direct current; Hydraulic Elevators, direct | 


connected; Hydraulic ‘levators, vertical and horizontal, Vertical and Plunger Eleva- | 
tors; Electric Steam and Mining Hoists: Hand Power Elevators; Gravity Conveyors; | 


Escalators. } 
THE H. J. REEDY CO. 


CINCINNATI, O. | 


Manufacturers of all types of Passenger and Freight Ele- | 
| vators. 


JOHN A. ROEBLING’S SONS COMPANY 
TRENTON, N. J. 
Manufacturers of Iron, Steel and Copper Wire Rope, and Wire of 


every description. 
| 


SHAW ELECTRIC CRANE CO. | 
MUSKEGON, MICH. 


Electric Travelers for all purposes. Gantries. 
_ road Wrecking Cranes. Electric Motor Controllers. 


Wharf Cranes.  Rail- 


STEPHENS-ADAMSON MANUFACTURING COMPANY | 
AURORA, ILL. 

Designers and builders of complete Conveying Systems for handling ores, coal, 
stone, gravel, sand, cement, clay and all bulk products, including Belt Conveyors, 
Chain Conveyors, Screw Conveyors, Bucket Elevators, etc., with capacities up to 1000 
tons per hour. 


WEBSTER MFG. CO. 
2410-2432 W. 15th St., CHICAGO, ILL. Eastern Branch: 


all purposes. Over thirty years’ experience in this line and extensive facilities for 

manufacturing give us large advantages. Belt Conveyors for handling cement, ores, 

sand, gravel, etc. Coal and Ash Handling Systems for power plants and buildings. 
Chain Belting. Gearing. 


THE YALE & TOWNE MEG. CO. 
9 Murray Sr. NEW YORK 


Makers of the Triplex Block and Electric Hoists. The Triplex Block 
_ is made in 14 sizes, with a lifting capacity of from } to 20 tons; Electric 
| Hoist in 10 sizes, } to 16 tons. 
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88-90 Reade St., NEW YORK 
Manufacturers of Elevating, Conveying and Power Transmitting Machinery for | 


FOUNDRY EQUIPMENT 


FOUNDRY EQUIPMENT 


| J. W. PAXSON CO. 
Pier 45 Norru PHILADELPHIA, PA.| FOUNDRY 
Manufacturers and engineers. Complete Foundry Equipment. Cupolas,| equipMEeNT 
Blowers, Sand Blast Machinery, Cranes, Tramrail Systems. Foundry | 
Buildings designed, Foundry Sand, ete. | 


WHITING FOUNDRY EQUIPMENT CO 
HARVEY, ILL. 
Have complete equipment and Cranes of all kinds for grey iron, steel Sires 


and malleable Foundry Plants. Buildings designed and furnished; equip- EQUIPMENT 
ment installed and operated. 


ENGINEERING MISCELLANY 


DODGE, DAY & ZIMMERMANN 
PHILADELPHIA INDUSTRIAL 


Our Engineering Service provides for the planning, construction and equip- PLANTS 
ment of buildings to meet both present and future requirements of industrial 
plants, See payeadvertisementsin the February, May and October numbers. 


THE HARRINGTON & KING PERFORATING CO. | 
No. 615 Norru Sr. CHICAGO, ILL., U.S. A. perroratec 
Manufacturers of Perforated Metals of every description for all pur- METALS 
poses and for screens of all kinds. See advertisement on page 28, 


New York Office: No. 114 Liberty St. | 


STANDARD ROLLER BEARING COMPANY BALL 


50th St. and Lancaster Ave. PHILADELPHIA PA. aie 
Largest manufacturers in the world of Ball and Roller Bearings for all BEARINGS 


purposes. Steel, Bronzeand Brass Balls. 
PAPERS FROM TRANSACTIONS OF A. S. M. E. aes 
Webber, price ‘$10: No. 1017. Improvement in Valve Motion of Duplex Air Compres- COMPRESSORS 


sors: S.H. Bunneli, price $3.10; No. 1131. A High Duty Air Compressor: O. P. Hood 
price $.30. 


49 


J te 
T: 
| 
| 
L 
; 
| 
| 
Ge. 
| 
4 
~ | 
| we 
| 
mm 
| 
| 
| 


ENGINEERING SCHOOLS AND COLLEGES 


CLARKSON 
SCHOOL OF TECHNOLOGY 


Thomas S. Clarkson Memortal 


ORGANIZED UNDER CHARTER OF THE UNIVER- 
SITY OF THE STATE OF New York. Courses 
leading to degrees of Bachelor of Science in 
Chemical, Civil, Electrical and Mechanical 
Engineering, comprising four years of tuorough 
training and resident college work in theory and 
practice of engineering. Copies of Clarkson 
Bulletin, published quarterly, mailed on appli- 
cation. 

Wa. 5S. ALprica, Director. 


POTSDAM, N. Y. 


TUFTS COLLEGE 


DEPARTMENT OF ENGINEERING. Civil, Me- 
chanical, Electrical and Chemical Engineering. 
New laboratories and excellent equipment. 
Beautiful site within four miles of Boston. Pre- 
paratory department for students who have had 
engineering practice, but insufficient prepara- 
tion for college work. For information concern- 
ing courses and positions of graduates, address 


Pror. G. C. Antnony, Dean, 


TUFTS COLLEGE P. O., MASS. 


THE RENSSELAER POLYTECH- 
NIC INSTITUTE 
Courses in Civil, Mechanical and Electrical 
Engineering and General Science leading to the 
degrees, C. E., M. E., E. E. and B.S 


f Unsurpassed laboratories for Mechanical and 
Electrical Engineering. 


Catalogue sent upon application, TROY, N.Y. 


POLYTECHNIC INSTITUTE OF 
BROOKLYN 


Course IN MECHANICAL ENGINEERING, Even- 
ing Post-Graduate Courses. Fred. W. Atkin- 
son, Ph.D., President; W. D. Ennis, Member 
A. 8. M. E., Professor Mechanical Engineering. 


NEW YORK UNIVERSITY 
SCHOOL OF APPLIED SCIENCE 


DEPARTMENTS OF Civil, Mechanical and Chem- 
ical Engineering. 


For announcements or information, address 


Henry Snow, Dean. 
UNIVERSITY HEIGHTS, N. Y. CITY. 


PROFESSIONAL CARDS 


THE ARNOLD COMPANY 


Engineers—Constructors 
Electrical—Civil—Mechanical 


181 LaSalle Street, CHICAGO. 


BERT L. BALDWIN 
Member A. S. M. E. and A. 1. E. E. 
Plans, Specifications and Supcrintendence of 
Manufacturing Buildings, Plants and Equip- 
ments of same. 
Perin Building, CINCINNATI, OHIO 


WILLIAM R. CONARD 


Assoc. A. S. M. E. and A. 8. C. E. 
Inspection of Rails, Bridge Materials, Building 
Materials of Iron and Steel Cars, Locomotives, 
etc. 
Specialty: Inspection of all Water-Works Mate- 
rials, 322 High Street, BURLINGTON, N. J. 
Matson Blanche Bldg.. NEW ORLEANS, LA. 


R. C. Huston, C. E., Southern Representative 
F. W. DEAN 


Member A. S. M. E. 
Mill Engineer and Architect. 
Exchange Building, 53 State St., 
BOSTON, MASS. 


50 


J. A. HERRICK,Consulting Engineer 
Member A. S. M. E. 


The Herrick Patented Gas Producers, Gas and 
Air Valves Gas Furnaces, Regenerative and Di- 
rect Fired—all purposes. 

Room 1603, No. 2 Rector St., N. Y. City 


HERMAN JAKOBSSON 
Consulting Engineer 
Member A.S.M.E. 

Mechanical Drafting and Designing. Tech- 
nical Translation and Investigations in U.S. and 
Foreign Patents. 

Victor Bldg., 724-726 Ninth St., N. W. 
Washington, D.C. 
CHAS. T. MAIN 
Member A. 8. M. E. 
Mill Engineer and Architect 
201 Devonshire Street, BOSTON, MASS. 


J. Wu. PETERSON 


Lubrication Engineer 


Specialty: Plans, Specifications and Superinten- 
dence of Power Plant Ojling Systems and 
General Machinery Lubrication 


50 CuurcH STREET NEW YORK CITY 
SPECIAL RATES 
Will be quoted on request for 


Professional Cards. 
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